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ABSTRACT

This report describes the operational procedure for the Project
Pandora microwave test facility. It is intended primarily for non-
~ microwave oriented technical personnel to enable them to operate the
! facility with a minimum of training. Included is the Turn-On, Turen-
. Off Procedure, the procedure for measuring transmitted power and power

¥ ' density, and a description of the power monitors.
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INTRODUCTION

This report describes the operational procedure for the
Project Pandora microwave test facility. It is intended pri-
marily for non-microwave oriented technical personnel, to
enable them to operate the facility with a minimum of training.
Section II of this report delireates the basic turn-on, turn-off
procedure for the equipment. Section III describes the procedure
for determining which of the "add-on" sections of the expandable
conical horn to use, and the power requirements for a desired
power density., Section IV describes the power monitors in the
microwave anechoic chamber,

The microwave equipment for Project Pandora is assembled in
the four equipment racks illustrated in figure 1. Rack No. 1
contains the Spectrum Analyzer R.F. and Diéplay sections. Rack
No. 2 contains the auxiliary low-power microwave generation and
modulation equipment. Tﬁe equipment in this rack is not inter-
connected (nor is the spectrum analyzer). Rack No. 3 contains
the primary low power microwave generation and modulation equip-
ment, and the necessary monitoring and recording equipment. Rack
No. & contains the high power microwave amplifier and power sup-
plies. The interconnection of these two racks, with the "expandable
horn'" transmitting antenna in the anechoic chamber, is shown in

figure 2 which is a functional block diagram of the microwave sys-

tem.

EQUIPMENT OPERATION

The following instructions pertain to the operation of the
eduipment assembled in equipment racks 3 and 4 with reference to
figures 1 and 2.

Note: For operation of the various individual pieces of

equipment, refer to the manufacturers' operation

manuals which are available at the test facility.
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A. Preliminary Turn On Procedure

Note:

Equipment Rack Number 4

Connect the proper transmitting horn section for
the required frequency and power density as outlined

{n Section III of this procedure.

\

a.

Turn on water supply. Pressure should be between

15 and 50 psi. /

Turn on low voltage A.C. power supply. Set Heater

Voltage to 6.3 volts.

Turn on D.C. power supply (solenoid power). Set
to 33 volts,

Note: Under no circumstances should the solenoid
be operated without water cooling or perma-
nent damage will result. If the over current
light is energized, the door interlock is
open or there is insufficient water pressure

or solenoid current.

Set the Cathode Voltage switch on the high voltage
power supply to the Burn-in position and turm on the

high voltage.

Note: There is a 3 minute delay before the high

voltage comes on. Allow 15 minutes warm-up.

Equipment Rack Number 3

Turn on A.C. power to rack number 3.

Turn the Grid Control on the Alfred 5-6868, 10 watt
TWT amplifier to -250 volts. Turn Helix Control
completely CCW.

Turn HP692C Sweep Oscillator to Standby position.

Turn on power to all equipment, allow 15 minute

warm-up.,
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e. Zero all HP431C power meters. For maximum ac-’
curacy, the power meters should be Yre-zeroed"
periodically. Refer to the HP431C instruction

manual.

f. Turn Sweep Oscillator Output Attenuator and TWT
Output Attenuator completely CW (max. attenuation).

B. Set HP692C to desired frequency and connect for

desired modulation.

Note: Refer to the instruction manuals of the HP692,
" HP8403A, and the HP3300A for the possible
modulation options and their settings. 1If
the auxiliary low power R.F. generation and
modulation equipment is to be used, refer to
the appropriate instruction manuals for'pos-
. ' . sible interconnections and operating instruc-

tions.
h. Turn HP692C to Operate position.

B. Operational Turn On Procedure

1. Equipment Rack Number &

a. Set Cathode Voltage switch to the .1/3.3KV position

and observe high voltage and current meters,

Note: Do not allow high voltage to exceed 3250

velts and the current to exceed 560 ma.

b. If necessary, adjust high voltage screwdrive adjust-
ment for high voltage meter reading of 3250 volts.
DO NOT EXCEED 560 MA. CURRENT,

2. Equipment Rack Number 3

a. Turn Helix Control on Alfred 5-6868 TWT completely CW.

. . b. Turn Grid Control on Alfred 5-6868 TWT completely CW.
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Adjust Sweep Oscillator Output Attenuator for
maximum power output as observed on TWT Monitor

Power Meter. Lock in position.

Adjust TWT Output Attenuator for the required
transmitted power as observed on the TWT Monitor

Power Meter. Lcock in position.

Note: The transmitted power required for a desired
power density can be determined from figure 3
and Section III of this procedure.

The transmitted power can be determined from
the meter reading and figure 4; (High Power
Monitor, - Meter Reading vs. Output Power).

DO NOT EXCEED 250 WATTS TRANSMITTED POWER FOR
EXTENDED PERIODS OF TIME WITH THE INITIAL TUBE
SUPPLIED,

Set the monitor switches on the monitor switch panel
to connect the desired function to be monitored to

the strip chart recorder. The normal setting of these
switches is TWT Monitor to the recorder channel Ne. 2,

and Monitor Channel No. 1 to recorder channel No. 1.

Connect "Available Inputs'" to the scope or the HP415

as required.

C. Turn O0ff Procedure

1. Equipment Rack Number 3

&a.

Turn 10 W TWT Output Attenuator max. CW (max.

attenuation).
Turn Sweep Oscillator Output Attenuator max. CW.

Turn Grid Control on Alfred 5-6868 10 Watt TWT to
-250 volts. Turn Helix Control completely CCW.
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d. ~ Turn HP692C Sweep Oscillator to Standby position.

-e. Rack power may now be turned off.

Equipment Rack Number &

a. Set the Cathode Voltage switch on high voltage
power supply to Burn-in position.

b. Turn off high voltage.
c. Turn off low voltage A.C. power supply.
d. Turn off D.C. power supply.

e. Turn off water supply.

I1I. PROCEDURE FOﬁ SELECTING HORN SECTION AND OUTPUT POWER FOR DESIRED
POWER DENSITY '

1

. A. Design Frequency Range for "Expandable" Conical Horn

The microwave facility was designed such that a suitable

! : quiet zone - minimum dimension, 3' wide by 2' high by 1' deep

for two "test samples" side by side - would be illuminated

uniformly a + 1.0db power variation in the quiet zone was

the design goal. The quiet zone, as discussed in this report,

starts at a transmission length of 23.0 feet and is symmetric

about the chambers horizontal and vertical axis. These quiet

zone dimensions, therefore, set the beamwidth characteristics

of the transmitting horn; and a conical transmitting horn with

"add-on" section was designed to give maximum gain with the

reduired beamwidth over the S-Band frequency range. Under

these conditions, figure 3 shows the "design frequency range"

for the appropriate sections (D1 through DG)' This figure is

a plot of power demsity (in mw/cmz) per watt transmitted - Pd/W -

versus frequency, for each of the horn sections. Tt can be seen

. that, for the design frequency ranges, Pd/W is 1.6x10°

2 mw/cm2 + 10%.

watt
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Thus, for 250 watts transmitted, the power density in the
quiet zone is 4.0 mw/cm2 + 10%.

1. To determine specifically the transmitted power required
for a desired power density (at a given frequency in the

design range):

a. Determine Pd/W for the known frequency and horn

section from figure 3.

b. Solve: Pd/W x Power = Power density

- Power density
Power Pa/w

c. Example: At 3.0 GHz, a power density of 2mw/cm2
is required. (Horn Section DA)

Pd/W = 1.58:{10-2 from figure 4.
+ = ——-—2 . =3
. - Power T.58x10 2 126 watts
| 2. To determine power density from a known transmitted power:

a. Determine Pd/W for the known frequency and horn

section from figure 3.
b. Solve: Power density = Pd/W x Power

c. Example: At 3.5 GHz, 200 watts are transmitted (Horn
Section DZ)'

Bd/W = 1.56x107 > from figure 3.
Power density = 1.56#10'2x200 = 3,13 mw/cm2

B. Horn Section for a Reduced Quiet Zone

To increase the versatility of the test facility, additional
-"add-on" horn séctions were designed to uniformally illuminate suc-
cessively smaller quiet zone volumes with increased gain. The
determination of the quiet zone volume is dependent upon the beam-

width of the various sections and is beyond the scope of this re-
' port. Suffice it to say that, at the upper end of the frequency

band (3.95 GHz) horn section D., will essentially illuminate uni-

10
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Iv.

formly a quiet zone large enough for a single test sample -
1.5'W x 1'H x 1'D. At this frequency, D,, gives the maximum
power density obtainable for the system. As the frequency is
decreased, horn section D10 will uniformally il1luminate a

proportionately larger volume with reduced gain.

1. The power required for a desired power density can be

determined as in Al above.

a, Example: 10 mw/cm2 power density is desired at
3.95 GHz (Horn Section DIO)

Power = Power Density
Pd/W

Pd/W = 3.83 x 1072 from figure 3

10

o
Power = 3.83 x 10—3 = 260 watts

MICROWAVE POWER MONITORS

In addition to the high power TWT monitor, there are 3 power
monitors in the anechoic chamber. Two of these, Monitor ff1, a
standard gain horn, and Monitor #2, a sleeve dipole, are connected
to the HP431C power meters in rack number 3. These two monitors
may be switched to the Mosley 7100B strip-chart recorder (see figure 2).
The third monitor, alternate monitor number 1, is a sleeve dipole and

has an available output as shown in figure 2.

A. Monitor Number 1

Monitor number 1, the standard gain horn, is the primary
"down stream”" power density monitor. FPower readings on the

Channel No. 1 power meter can be converted to power density

at the point of measurement with reference to figure 5.

Note: It rmust be reemphasized that this monitor, in conjunction
with figure 5, measures the power density at the point

where the monitor is placed in the chamber, and not the

power density at the center of the quiet zone as determined

in Section 1II.
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Monitor Number 2 and Alternate Monitor No, 1

These monitors are available to measure relaéive power
density and for the observation of signal waveforms at any
point in the chamber. '

By placing monitor number 2, with its alternate monitor
line connected, at a peint of known ﬂower density (previously
determined as in Section III or IV A above), and placing alter-
nate monitor number 1, at any other point in the chamber; a
gross measurement of power density can be made by cbserving
the relative readings. Due to the nature of the chamber re-
flections, the power density measured in this manner can be in
error by + 2 db; however, as a ''gross’ power density measurement

technique, these monitors are useful since they are lightweight

and easily movable,
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Fig.3 POWER DENSITY PER WATT TRANSMITTED FOR
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A nunber of Sovliet studles have reported _that Jov-level

microwave irradiation, at or below 10 mW/cm®*, alters the heart

rate of humans ani animals, In ona of the hest controlled and most

fully reported of these studlies, Presman and Levitinad irradiated

various parts of the body of rabblts with continuous microwaves

at intensities of 7 to 12 mi/cm, The largest effect observed

was an increcase in heart rote during and after irradiation .

of the dorsal aspect of the head. The next largest effect was a

decrease in rate during and after irrsdiation of the whole ventral

surface of the body. Smaller chanzes in rate accompanied irrsdia-

tion of the back, of the total dorsal surface, of the ventral aspect
. of the head, and of the abdomen, : '

The purposes of the present study was to replicate the procedure
. used by Presman and Levitina for dorsal yrradiation of the head,
4n order to coilect enough asdditional dota etther to confirm tha'r
results or to establish that the d@ifferances in heart rate are a
manifestation of variability rather than a consequence of irradiation.

Method

Subjects The subjects were 12 albino male rabblts welghlng 2.0 to

{‘IIP.O K.
A

pparatus dlcrowave power vas obtatned from a CW, alr-cooled magnetron

_ With an output of 1.3 k¥, an anode voltace of 2 kV, and sn operating

P frequency of 2.409 GIz (A= 12.5 cm). Thls tube, manufzciured DY
Deutsche Mikrowsllen Gesellschaft, exhibited exceptional stability
during the exposures. Power fron the tube wvas conducted tnrousn
g vavezgulde to the yrradiating horn (Fis. 1). lost of the magnetron
output was dlssipated in a high-povwer load, and only about 10% vas
nsed to irradiate the animal, :

The microwave horn was placed in an anecholc chamber with 1ts
| main lobe directed downward, so that the animal vas irrailated from

4 A.S. Presman and N.A. Levitina, Byull. Eksp. Biol. Med. 53, No. 1,
Li-44 (1962); Engl. Transl., Pull. E-ptl. Biol. Hed. 53, 36=39 ‘

o
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above. The horn's aperture was 7 31 in. by 5 7 in., its axial

: 32 -~ 8 N
length was 15 in., and its estirated power galn was 19,54, The -
animal's head was 29 in, from the horn.  Thils distanrce vas
vell within the far-rizld region, which began at about 12.9 1in.
from the horn., From the estinated galn of the horn, 1t was
caleulated that a total of 35 ¥ lesving the horn produced the

measured powar density of 10 wW/cn® in the vieinity of the

animal's head.

The power density was measured with a Ramcor 1250 A densloneter
with & calibrated low-galn rectanzular horn antenna. A Hewlett
Packerd liodel L31-B power-meter wWas connected to the wavegulde to
ronitor the power during irradization. Thes power-meter reading
corresponding to 10 mu/cn® at the animal’s head was determined
and used for setting the magnetron enode current, Tnis calibration
procedurs vas conducted with the czge and aninmal not present in
the anechoic chazter, It was observed that the reglon of uniform
pover density was sufficiently large that considerable variation
in the placezent of the cage would still give the same power
density.

The anechoic chamber had interior dimensions of 40idn. by 4O in.
y 64 in., and was lined ¥with type Ccv-b4 microwave absorover panels
manufactured by Emnerson-Cuning. This material is rated to have
reflections less than 20 db below +the incident power level at
‘2.0 ¢Hz; at 2.4 GHz the reflection 1s_even lower, A plate of this
material was used to shield the anirmal's back during irradiation of
its head, :

Procedure The rabblil was restrained .in a wooden boX, which was
placed below the horn antenna in the anechcic chamber. Needle
electrodes were inserted for EXG recording., After the animal had
been in position for 15 min., 1ts TKG was recorded once each minute
for 10 min. before the onset of irradiation, Then the rabbit’'s
head was lrradiated from above with continuous 12.5 cm microwaves atl
a pover density of 10 mw/cn* for 20 min., During irradiation the
EKC was recorded every 2 min, After the power was turned off, the
FKG was recorded every minute for 10 min, Fach EKG trace was re-
corded for a 20 sec duration, Exactly the same procedure was
followed during the control cessions, except that the animal

was not irradiated. Each animal was irradlated twice and served
as a control twice: once before and once after irradiation.

@ ;



Chanses in heart rate w

by Presman snd levitina an
@urins and after lrradiation, the deviation fron the mean heart

rote before lrrsdiation wnrn cnleulated,  (b)The corresponding
deviations were ealoulnted for thne data from the conirol sessions,
(c)The Telative chanece in Tate for each recording veriod vias obtalned
by subtracting %he nean devinhlon for the control condition fron
the-corresponding deviation for the irradiation conditlon,

)

Fach of the thrce graphs in Fiz. 2 represent the mean differences
in heart rate between eight jrradiation sesslons and eight control
sessions. The results for the first foOuT rabbits that were expoged
show a reletive increase in heanrt rate both durinz and after irradi-
gtion, The ave_ azge data for the next fo'r rabblts show a decreasn

during the first 10 ain of yrradintion and no consistent change
.15 exhibited a decrease durlng the

thereafter. The last four anias \
 first B min followed by an increase over the last 18 nmin of the
scssion. 411 12 animals recclved the same dorsal irradiation of the

head, and the division into three groups 1s entirely arbitrary.

.l The averace resalts for all 12 anirals are summarlized in Flg. 3.

Rcnults

are calenlated in the manner described
followsn: {(u)¥or each trace recorded

e dots reoprasent the data of the present experiment, based on
24 irradiation and 24 control seustons, A small decrease 1in
.. heart rate durinz the first 8 min was followed by a larzer increase
1ovcr the remaining 22 min. The crosses in Flg, 3 indlcate the results
| of Presman and Levitina, based on 16 irrediaiion and 16 control
| trials with 8 rabbits, The relative chanze in heart yate was
Egenerally positive, and this yner=ase vas both larzer and more
,'variable than the results in our

Table 1 lists the mean number of besats per 20 sec during
successive 10 min periods of the contrel and the irradiation
. sessions. The animnls wern 1rrafdiated dquring the niddlie 20 min
of the irradiztion condition. tach éntry in the table 15 based
on the results of 2L sesslons. Heart rate was highest during
the firs: i0 mim of both conditions and gemerallly decressed
over time. The analysis of variance sumparized in Teble 2
shows that the varintion over Lime was statistically sizniflicant,
ns were indlvidusl dlfferences and the interaction between radl-
ation and time. The differecnce between irradiation and control
conditions, hovwever, ¥Was gcncrally less than 2 beats per 20 sec,
and this difference was not statistically significant,

o ~

experinent,
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. Relative change in heart rate of rabblts irradiated
on the dorsal aspect of the head with continuous microwaves

Each point represents

the mean difference between 8 exposures and 8 control sessious,
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Fig. 3. Relative change 1n heart rate of rabbits irradlated
on the dorsz) azspect of the head with continuous microvaves
of 12.5 c¢cn mavelenqth at 10 mw/ca®. Each dot represents the
nean difference netween 24 exposures and 24 control sessions
of the present experiment, The crosses represent the results
of Presman ard Levitina based on 16 exposures and 16 controls.
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Table 1

Mean Number of Beats per 20 Secc

1st 10 min 2nd 10 min 3rd 10 min hth 10 min
Control 63.94 63.79 61,73 61.95
Irradiation 63,56 63.31 63,34 62.83
’ Table 2
Analysis of Variance
Sourre of Varia“ion SS f MS R
Rediation 7.80 1 7.80 <1
Timre 69,07 3 23,02 7.99%
Sutject 10,507.23 11 955.20 25,.0L%
B x T 36,89 3 12.23 L, 656+
R xS 113,96 11 10,36 <1
Tx S 95,12 33 2.88 <1
Bx Tx3 86.93 33 2,64 <1
Frror 3,661,473 96 38.14

# Significant at the .01 level

Presman and Levitina devised the ratio X, which they called the
co-efficient of the chronotrople effect to describe the effect of
|irradiation on heart rate,

100 + my
100 + mg

vhere my and my are the respective changes in the percentagce of

cases with rates increased or decressed from the control values,
An increase in rate is indicated by K> 1, and a decrease by K < 1,

lelr results for dorsal irradiation of the head were K = 1.3
‘Arinrr irradlation, and ¥ = 1,42 after irradiation, The present
esults were ¥- = .84 dorinz irradiation and K = 1,19 after

irradiation,



Discussion

Thexe were six conrnditions in the experiment of Presman sanij
Levitina,. in each of which a differcnt part of the body was
irradiated, One condition (dorsal asvect of the head) produced .
a relative increase in heart rate durlng snd after irradiation.
Another condition (whole ventral surface) showed a decrease during
and after lrradiation. The other four conditions were accompanied
by smaller and less consistent changes in rate. The results of

ithe present expesrinment suxgzest that such effects are due to chance

[
|
f
!

ihanr_r,e in heart rate becsme smaller, The larzest change in the

|

varistion from one set of trials to enother,

The variation from one sample to another under the same condltlions
of radistion ir illustrated in Fig,., 2. COCne set of data shows an

. Aincrease in velative heart rate; another shows 2 decrease followed

by no consistent change; the third, a decrease followed by an

. increase, When these threze sets of data were =2verazed, as in Flg, 3,

the variability from minute to minute became less, and the relative
jeramed data 1s about 2 beats per 20 sec, which is only 3 % of the
veraze heart rate of 63 bsats per 20 sec.

It is our tentative conclusion that the chang=s in heart rate
that Presman and Levitina attributed to irradiation of different
parts of the b%ody were simply due to the variation from one small

' sanple of trials to another, Ye are still collecting data on the
reffect of dorsal irradiation of the head at 10 wi/em?, If the
~effect continues to apoproach zero as our sample size increases,
'this conclusion will be confirmed,

Future Hesearch

We plan to run four more rabbits under the conditions of the
prezent experiment. If we still obzerve no effect of radiation

"ot 10 mY/cm”, we shall proceed to higher power densities, in

order to determlne the minloum levels at which effects are
observable,

Ve are presently developinz procedures for recording body
tenperature and respiration rate, simultanecusly with heart
rate, while the animsl is irradiated. Temperatures will te
recorded with a needle thermistor probe inserted subcutancously

recorded by means of a sensor that detects changes in chest

iust outside the area that is irradlated. Resplration rate will

rcunfercnce, We antlicipate that these rccording procedures



should be standardized by 1 September 1969, vhereupon we shall
beein g gerias ¢f exnosures teo determine irradintion thresholds

for all threce indicators.

The first power density in the series will be 100 m'/em”, a
level whnich should produce evidence of thermal stress, such as
hypverventilation or hyperthermlia. On subsequent exposuress we ;
shall decrense the power level until no effect is produced, i.e.,-
until heart rate, respviration rate and temperature are the same
during irradiation as during the control sessions. If respiration
.oy temperature ies affected at lower power levels than hear:
rate, that would constitute further evidence axainst the thesis
that low-power microwave flelds produce non-thermal effects on
cardlac actlvity via direct action on the central nervous
syste:,



. ' APPENDIX I

Summary of Raw Data

Nurmboy of Bents max 20 S=z,

"RABBIT I __RABBIT 2 . __RaBBIT 3 napary b
1 2 1 2 1 ? 1 2
[} R C B € R ¢ € c R ¢ & c 38 ¢ &
1 . 60 63 62 62 6 63 sk b 62 59 6L 60 59 57 59 50
'2 57 6L 53 52 65 61 58 59 61 63 60 59 57 59 56 52
? 5o 53 51 §3 63 56 58 56 62 61 61 60 g7 61 59 48
....... ; €6 33 51 356 63 59 62 54 59 61 62 62 62 53 56 55
5 60 57 56 59 63 58 60 57 59 64 62 60 60 58 57 49
6 55 sk 57 54 61 59 62 55 61 63 62 62 50 63 57 €2
7 55 &7 51 56 6261 €O 55 62 62 62 62 857 5 57 59
: 8 55 57 65 53 64 62 60 60 60 62 61 60 56 59 55 5%
.9 56 57 55 53 68 6h 60 5k 62 62 61 61 €8 59 57 59
10 55 60 56 58 66 60 58 57 59 61 62 60 8 62 57 56
’ 58 62 62 63 65663 59 63 sg 60 61 62. 52 59 61 56
+ 54 62 &2 58 63 Ok 6L 70 59 60 62 62 gt &2 61 53
16 " 64 59 53 60 60 60 65 59 60 59 6% 55 56 53 55
- N8 1 61 353 56 62 60 58 60 60 59 62 62 52 62 57 49
20 58 61 50 56 63 63 57 61 59 60 61 63 52 61 5% 61
22 sy 62 52 64 58 67 58 56 59 60 60 62 sl 61 Sk 5%
24 59 58 55 66 56 64 57 57 55 60 60 61 57 61 5h 3
26 53 61 53 55 55 72 57 52 58 €1 58 61 52 60 56
28 86 60 57 63 6% 77 56 5k 58 62 58 61 55 60 52
30 55 57 55 62 60 66 64 55 42 61 59 62 57 62 56
31 63 61 60 59 63 67 64 53 61 59 61 64 5 589 55
32 6L 59 59 58 61 74 68 53 60 63 60 6L 53 58 52
3? 58 53 58 56 56 65 67 52 60 6L 59 64 55 58 50
3h 58 63 56 54 59 60 63 5h 62 65 - 59 60 56 60 5%
35 57 61 58 58 58 64 62 53 62 62 58 61 52 59 61
6 st 56 56 53 59 63 61 52 60 62 58 62 52 60 6h
%7 57 63 53 54 61 63 62 56 60 60 58 62 gl 58 58
38 57 59 53 54 62 62 62 54 63 60 58 59 g7 60 58 53
39 57 60 56 56 64 65 60 52 61 58 58 62 57 60 51 !
Lo 60 58 54 53 60 61 60 54 60 60 58 59 g6 58 48
C=Control

R=Radiatlion

10



RABBIT 5

APPENDIY T-

Summary of Raw Data -

* Nunmber of Beats per 20 Sac¢.-

RABBIT 6 RABBIT_7
FREET 1 2 1 ' ' -2
el ¢ R € R G B & B £ 2 ¢ &
X &8 &4 70 68 o' k2 62 69 976 82 68 75
2 66 62 69 67 8 46 6170 76 80 69 74
3 66 62 69 67 51 ho 62 68 76 78 72 74
L 62 62 63 68 L7 LD 63 67 74 77 69 74
5 62 65 37 68 47 44 61 67 75 77 71 76
.6 63 62 6L 68 W6 B3 62 67 75 73 70 76
7 6L 62 0 66 Wb 43 62 67 76 76 77 7%
.8 62 60 66 69 Lk K1 64 70 75 77 70 78
g - 62 61 20 69 43 L2 60 €8 76 77 72 7%
. 60 6L 63 65 45 W7 62 69 75 76 71 7k
67 60 68 66 44 L1 61 65 75 74 71 73
L 66 58 65 67 43 43 61 69 75 71 69 74
) 65 59 6 63 47 41 6368 75 71 70 73
- B 67 59 65 70 52 Lo 61 66 75 71 69 72
0 64 62 67 66 46 Lz 6L 64 77 74 71 73
2 62 61 65 68 44 L4 63 63 75 76 70 73
A 62 62 63 65 43 41 60 65 73 73 66 74
16 62 61 73 65 43 39 63 64 74 7?4 65 75
8 60 61 67 65 M1 39 6363 75 79 65 71
io 64 58 63 66 40 40 60 62 75 78 69 73
1 64 59 65 66 42 41 57 68 76 78 68 7h
2 62 58 66 66 46 L4 37 64 74 .80 68 76
i3 258 6% 66 40 4O 57 6% 75 8O 74 74
il 62 58 64 65 LD 4O 57 62 74 78 72 74
5 65 57 6t 66 44 kO 57 60 74 79 68.74
16 62 58 65 70 43 38 58 65 74 76 71 8D
¥ 62 60 67 67 43 38 88 62 75 75 70 73
18 €0 58 6h 66 41 hé 57 66 8O 7H 72 75
19 61 59 60 64 L2 Lo 63 62 76 7?4 67 7%
HO 6% 59 68 64 W7 44 61 63 71 72 68 70

..C=\,ontr01

B=Rad1ation

11

RABBIT 8
. PN
c R C R
69 68 62 63
69 68 6l 61
"0 70 62 60
65 71 63 60
60 68 _ 63 62
69 69 64 62
70 65 66 60
73 72 65 62
72 ?1L 64 58
71 78 62 62
70 72 67 63
71 71 66 61
71 69 65 &2
73 70 67 62
73 68 656 62
74 70 62 62
73 69 61 62
74 69 63 6%
72 68 61 62
7L 70 60 39
- 70 68 57 53
72 68 62 61 -
70 68 57 €0
74 68 57 60
75 69 56 61
70 69 58 60
w2 70 58 €2
68 69 56 61
72 71 64 64
?3 20 61 65



' . : APPENDIX T
. - Summary of Raw Datna

Number of Reats per 20 Scoy

ﬂﬁﬁBIT_Q~ BABBIT 10, . BABBIT 11 RABBIT 12
1 2 ] 2 ] .2 X 2
- t & B T RE I TW £ B C¢7E TR
1 76 78 76 7'6 80-75 73 77" 60 69 56 4h & 59 64 6
2 77 78 _?3 B0 75 724 %3 58 63 55 L, 63 59 65 43
: 2 80 80 79 72 72 %6 62 6L 56 L4 64 63 59 67
: 78 80 7# ig 80 75 72 76 62 60 61 43 62 63 59 62
P TTT M meh 27 @ 55 6 o 6% 66
6 - 7872 75 76 80 63 72 77 % 6L 58 46 59 64 €z e
7 76 72 69 77 79 74 74 78 58 62 54 54 57 60 64 68
. 8 77 70 74 77 79 72 74 76 59 67 54 Lo 58 58 88 &y
' 9 80 726 73 68 79 75 7h 77 - B0 60 52 42 61 59 ? 64
10 83 72 70 77 73 7% 724 78 60 68 52 41 62 60 60 65
: 78 67 75 7% 79 72 74 97 60 59 48 44 . 41 58 66 67
Q 80 78 79 75 80 74 74 74 €3 60 50 L2 62 57 6L 6%
75 76 76 76 80 72 70 73 61 58 &2 50 61 5% 62 61
LG 479 73 75 80 72 75 73 62 62 81 I8 62 61 63 65
Y 70 79 75 78 _ 79 63 74 73 61 60 350 43 59 72 6B 55
:2 .63 77 75 75 78 70 75 74 6l 63 56 b2 57 65 60 s6
22 71 78 75 75 78 73 74 72 6l 62 L3 42 56 59 60 64
6 73 77 76 74 78 74 71 75 57 64 44 43 56 60 63 64
B 72 78 76 73 77 73 7?2 74 - 50 64 LL 43 59 68 60 64
-0 7779 73 73 76 72 67 74 61 61 41 43 57 59 58 58
1 73 82 72 74 78 72 68 7 61 6% 41 42 sy 58 62 66
2 7i 78 72 72 77 72 69 74 60 63 42 k2 55 57 62 64
3 7177 70 70 78 70 76 74 56 63 43 43 58 58 62 70
L 69 75 68 75 78 72 75 72 60 62 Lo L 59 56 61 63
_5 69 76 75 74 79 70 71 72 60 62 48 55 62 56 62 68
5 . 6676 69 72 80 71 70 72 59 60 46 gp 63 59 &4 67
7 76 76 71 67 76 720 72 72 60 62 46 L2 58 60 62 69
3 76 76 65 74 76 76 70 73 61 60 L6 Lg 64 60 64 63
Y 79 76 69 77 76 74 68 71 61 58 138 44 64 64 64 €9
) 80 78 70 76 76 75 66 71 64 62 38 38 64 66 60 63
=Control
Radiation

12
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C. TRANSMITTING HORN

The transmitting horn characteristics were dictated by the
dimensions of the guiet zone to be uniformly illuminated. This de-
sign rationale and the test results are discussed in Appendix A of this
report. In order to provide a constant gain and beamwidth over the de-
sired frequency band, "add-on" sections were provided as depicted in
figure 5. A

The first sectibn of this "expandable" conical horn incor-
porates a rectangular to circular transition obviating the need for a
separate rectangular to circular waveguide transition.

Gain measurements and antenna patterns were taken for each
horn section at the center, and at the low and high ends of the S-Band
frequency range. The results of these measurements are summarized in
figures 6, 7, 8, and 9. Figure 6 shows the absolute gain of each of
the sections across the frequency band. Also shown, is the design fre-

quency range for each section. Figures 7 and 8 show the E and H plane

' 4 db beamwidth respectively, and figure 9 is a typical E and H plane

pattern (section D3) in its design frequency range.
D. POWER MONITORING

One of the prime requirements for the microwave test facility
was the ability to accurately determine the power density in the quiet
zone of the anechoic chamber énd to observe the transmitted signal, within
the limits afforded by commercially available test equipment.

Three monitoring channels were incorporated in the system, and
several coupled outputs are available for observing signal wave form,
either on an oscilloscope (detected outputs), or directly on the spectrum

analyzer (see figure 4).
1. Transmitted Power Monitor

To measure the transmitted power, two coaxial directional couplers
and a thermistor mount were installed in the high power edﬁipment rack (fig-
ure 4). The thermistor output is connected to the HP 431G power meter in

rack number three. The loss in this coupled transmission path was measured

This dorumeat containe ;nformation afecting the national defanss of the United States withio the ing of the Espi Laws, Title 18

793 and 794. The transmistion or the revelstion of its coaleots in soy msaser to an unaulborised person is probibited by law.
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over the S-Band frequency range. The resultant calibration was incor-
porated with the measured loss of the output cable and the waveguide to
coax adapter on the transmitter horn, to plot the transmitted power curve
shown in figure 10. This curve is a plot of corrected power meter reading
versus transmitted power, Included in this figure is the legend for deter-
mining transmitted power from the corrected meter reading, and conversely,
the method for setting the. transmitved power by observing the meter reading.
This figure in conjunction with figure 11 (Power Density per Watt Trans-
mitted for Each Horn Section) can be used to determine the on boresight
power density in the quiet zone. This is explained in greater detail in,

section II E.
2. Standard Gain Horn Monitor

The standard gain horn monitor (monitor number 1 in figure 4),
is the primary “downstream” power density monitor. The gain deviation ver-
§ : sus frequency curve of the standard gain horn, and the measured loss of the
. connecting cable and waveguide to coaxial adapter were incorporated into
one frequency correction curve, shown in figure 12. This figure is a plot
of the power density as a function of the corrected power meter reading.
The power density thus measured is the power density at the position wnere
the standard gain horn is placed in the chamber, and not the on boresight
power density alluded to in the section above, It is possible to measure
the power density in the anechoic chamber directly, only if the horn moni-
tor can be ﬁhysically placed at the desired position without interfering
with the experiment in progress. If this is not possible, then the power
density can be determined by extrapolating the measured power density, to
the power density'at any other position in the quiet zone by using the
known gain-beamwidth characteristics of the transmitting horn section. Im
a similar fashion, the on boresight power density determined from the meas-
ured transmitted power can be extrapolated to any point in the quiet zone.
The determination of power density for other than on boresight (and meas-

ured) conditions is discussed in Section II F.

. ’

This doeumaent containa informstion sNecting the pational defanse of tha Uniled States within the meuning of the Eaplonage Laws, Title 13
UKL, Sections 193 and 7M. The transmimion o tha revelation of i tents in aDy mancer o an utsuthoried person ia prohibited by law,
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3. Monitor Dipoles

In addition to the standard gain horn menitor, two sleeve di-
pole monitors are available in the chamber for the observation of signal
waveforms. These dipole monitors are shown in figure 13. The design
dimensions and the measured results are discussed in Appendix B.

. It was originally intended that these dipoles would be cali-
brated and used to measure.the abso’ute power density at any position in
the chamber. Unfortunately, the rather large amplituae ripples caused by
the reflections from the chamber walls, precluded this possibility. (The
standard gain horn integrates the ripples over its considerably larger .
area and, consequently, was substituted as the prime power density monitor.)
However, since the dipoles are light-weight and easily movable, they were
retained for signal waveform observation, and for the "gross measure' of
power density. Since the two monitors have identical characteristics, by
placing one at a region of known power density, and placing the other at
any desired position, the power density at any position can be determined.
This is a ''gross measurement'' because the amplitude ripples can cause an

error as great as 2.0 db.
E. SELECTION OF TRANSMITTING HORN SECTIONS

As stated previously, the microwave facility was designed such
that a suitable quiet zone - minimum dimensions, 3' wide by 2' high by 1'
deep for two test samples side by side - would be uniformly illuminated;
a + 1.0 db power variation in the quiet zone was the design goal, The quiet
zone starts at a transmission length of 23.0" and is symmetric about the

chamber horizontal and vertical axis.
1. Design Frequency Range

As discussed in Appendix A, the quiet zone dimensions set the
beamwidth characteristics of the transmitting horn; and a conical trans-
mitting horn with vadd-on” sections was designed to give maximum gain with
the required beamwidth over the S-Band frequency range. Under these condi-

tions, figure 11 shows the ''design frequency range" for the appropriate

—~

This document coutaine information aNecting the naticnal dafesss ol the Upitsd States within the meaning of the Espionage Laws, Tite 13
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sections (Dl through D6). This figure is a plot of power density (in /et )

per watt transmitted - Pd/W - versus frequency for each of the horn sections

at a transmission length of 23.0 feet. These curves are obtained by plotting

the expression:

'EE X L. —EI— = M as a function of frequenc
Ar PT LITRR W q ¥
where GT is the measured gain of each of the transmitting horn sections,
and R = 23.0 feet is the transmission length. Thus Pr 1 is the
A, * R

power density per watt transmitted when PT is the transmitted power.
It can be seen from figure 11 that, for the design frequency

3 mu/cn® .
——L-—— + 10%. For 250 watts of transmitted

ranges, Pd/W is 1.6 x 100 — - %

power - the recommended upper limit for continuous operation of the high
. ' power TWT - the power density is 4.0 mw/ cuf + 10%, which adequately meets
the desgign goal of 2 me/ca® in the quiet zone.

. Neglecting reflections in the chamber, the power density vari-
ation for angles off boresight is dependent upon the transmitting horn sec-
-tion used (the gain), the frequency, the angle, and the transmission length,
The change in relative amplitude versus frequency for angles of 2, 4, and 6

degrees for each of the horn sections is shown in figures 14 and 15. The
change in relative amplitude is defined as the maximum relative power ampli-
tude at a designated frequency (the gain at boresight), minus the relative
amplitude at the off boresight angle indicated, at the same frequency. The
curves were obtained from the measured antenna patterns. Thus, the curves
in figures 14 and 15 show the change in power density, for a fixed trans-
mitted power and transmission length, at the angles indicated for each of
the horn sections. For the minimum quiet zone dimensions, starting at a
transmission length of 23', the maximum off boresight angle, in the H plane

(vertical polarization) is:
. 1 1
. ‘ 8, =% tan 1.5=+3,75°, and in the E plane 8 = tan 1 -+ 2.5°
23 23

This dooument containg information affecting the national defenss of the United Statss within the meaning of the Espionass Lawn, Titls 18
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It can be seen from figure 14 that in the design frequency range, the
maximum change in relative amplitude is 0,75 db, which occurs for horn
section D1 at frequency 4.0 GHz, (H plane, 4 degrees). Adding another
0.4 db due to the change in transmission length in the quiet zone (one
foot deep), the total change in relative amplitude, and hence the change
in power density for a fixed power transmitted, is 1.15 db (= + .6 db)
which is well within the 1.1.0 db goal set for the quiet zone.
=+ 4.0%),
the power density would be within + 1.0 db (neglecting reflections). This

For a quiet zone &4' wide x 3' high x 1' deep (GQ:'i 50, 9

was borne out by the chamber evaluation discussed in Section III.

h

2. Horn Sections for Higher Power Densities

To increase the versatility of the facility, additional ''add-on"
horn sections were designed to wuniformly illuminate successively smaller
quiet zone volumes with increased gain. Thus, at the upper end of the fre-
quency band (3.95 GHz) horn section D10 will illuminate uniformly (= *+ .5 db)
a quiet zone large enough for a single test sample - 1.5' wide x 1' high x
1' deep. This can be determined from figure 15 where for D10 and 8 = + 20,

H
BE = + 10, AA = .5 db. At this frequency, D10 gives the maximum power den-
sity obtainable for the system. From figure 11, for horn section D10 at
2
3.95 GHz, Pd/W = 3.83 x 10 , and the power required for a power density of

10 mw/e® is: ~———EEL*—-3 = 260 watts which is obtainable from the high

3.83 x 10°

power TWT in the system,
F. DETERMINATION OF POWER DENSITY

As discussed in Section II B, the power density can be determined
by direct measurement using the standard gain horn monitor and figure 12, if
the monitor can be physically placed at the desired position. The on bore-
sight power density can also be determined from the measured transmitted
power and figure 11. From the discussion in Section E above, it can be seen
that this value will be correct to better than F 1.0 db for any point in the

quiet zone in the design ranges.

This dorumant contaio informalica affecting the astional defease of the Ucited States within the meaning of the Espionage Laws, Title 18
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In using the larger section to illuminate the 3' wide by

2' high by 1' deep quiet zone, the power density at any position can

be determined from the on boresight power density/watt transmitted

curve (figure 11), and the 8A curves given in figures 14 and 15.
As an example, for horn section D10 with 200 watts trans-

mitted at 3.95 GHz, the power densitﬁéat boresight is Pd = Pd/W x

power transmitted. Pd/W = 3.83 x 100 from figure 11, thereforef

"

Pd = 7.66 mw/co®. At the edge of the 3' quiet zone, BH = + tan 1.5/23
‘ + 3.75°. 1Interpolating from figure 15 for D10, QH =+ 3.75; BA is ap-
proximately - 2.25 db = 60% of the maximum amplitude, and the power \
dansity is approximately 7.66 x 60% = 4.56 me/cn at the quiet zone edge.
In a similar manner, the on boresight power density can be
determined from the measured power density at any point in the quiet
N sone. Actual values measured during a preliminary experiment are used
‘ as an example. The standard gain horn monitor was placed 2.5' off bore-
. ’ sight in azimuth, and its meter reading was 2.4 dbm. From figure 12, at
3.2 GHz (the transmitted frequency) the frequency correction term is 2.2
l db. Thus, the corrected meter reading is + 2.4 dbm + 2.2 db = 4.6 dbm,
which (from figure 12) corresponds to a power density of 3.1 mw/cn® at L
the point of measurement. The monitor horn position gives a BH -t tan
2.5/23 = * 6710, and from figure 14 for QH = 6° and horn section D6
(the horn section used) 4A = 1.9 db = 65%. Therefore, the on boresight
power density is 3.1 mw/em® X 6%% = 4.78 mw/cm®. For this experiment,
the measured transmitted power (210 watts) gives an on boresight power
density of 4.72 me/cm® (from figure 11) which is in good agreement with

the above calculated value (4.78 mw/cn?).

I1I. EVALUATION: PROCEDURE AND RESULTS

The evaluation of the microwave test facility was divided in three

phases: (1) the evaluation of the reflection from the walls and ceiling of the
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empty microwave chamber as measured with an absorber backed dipole and
a standard gain horn, (2) the measurement of the reflections from a
single sample container (both occupied and unoccupied) in the quiet zone
and (3) the measurement of the power density in the chamber using the high

power source and the various horn sections.

A, MICROWAVE CHAMBER EVALUATION

.

The results of the evaluation of the microwave anechoic chamber
are summarized in Table I. It can be seen from this tabulation, that for
the required minimum quiet zone dimensions - 3' Wide x 2' High x 1' Deep -

a total power variation of 1.75 db is possible over the frequency band of
interest. At selected frequencies, adequate quiet zones with‘j 1.25 db
variations are possible. The measurements, performed with an absorber backed
dipole, indicate that the power variations are primarily due to 'amplitude
ripples" caused by reflections from the chamber walls, Maximum ripples as
great as + 1.0 db were observed. Figure 16 is a typical example of the
power variation due to reflections. This data is for a 25' transmission
length at F = 3.25 GHz.

The values obtained with a standard gain horn at 3.25 GHz (gain =
16,5 db) are also shown in Table I, (from figure 21) as an example of the
optimistic conclusions resulting from the use of a large area receiving
antenna. The horn integrates the reflected ripples over a Feceiving area
considerably larger than that of the dipole, Maximum ripples as observed
with the standard gain horn were less than + 0.25 db.

The chamber was evaluated by taking horizontal cuts, through the &
foot cubic quiet zone which is centered equidistant between the side walls,
and the floor and ceiling; a distance 25.0' from the transmitting end wall.
The horizontal cuts extending + 2.0' from this quiet zone center, were taken
at elevation increments of + 1.0', + 1.5', and * 2.0' for each transmission
length increment of + 1.0', + 1.5", and * 2. 0' from the 25.0' center point,
These measurements were repeated at each of the six different frequencies in
the design range of each of the horn sections. Relative power as a function
of horizontal distance was recorded on an X-Y recorder, equipped with a roll

chart adapter, for each of the measurement increments.

TR,
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Frequency Volume Dimensions for Power Variations of:
(ngn Section) +1.0db +1.25db +1.5db +1.75db +2.0db 242, 2!
. 2; Gy None None 2'Wx2'Hx3'D i"y_}i}?'Hxl'D H'Wx&'HxL'D | 4'Wx4d'H:
06) 3'"Wx3'Hx3'D |4'Wx3'Hx2'D {2.75¢
4'Wx2'Hx3%'D
3'Wx4'Hx2'D
2"x3'Hx1'D | &4'Wx3'Hx1'D | 4'Wx3'Hx2'D [4'Wx3'Hx3'D |4'Wx4'Hx4'D
2.8GHz 3'Wx2'Hx2'D | 3'Wx4 Hx1'D {3'Wx4'Hx3%'D
. (D5) 2'Wx3'Hx2'D | 3'Wx3"Hx3%'D}3'Wx3"Hx4'D
2'Wxh "Hx}'D | 2'Wx6'Hx2'D |2'lxh 'Hx4'D
3'Wx2'Hxk'D | 4'Wx2'Hx1'D | 4'Wx3'Hx1'D |4'Wx3'Hx2'D |4'Wx4'Hx1'D | 4'Wx4'H
3.0GHZ 3'W 3 HxL'D | 3'Wx3'Hx2'D |3°Wxt'Hx35'D|3'Wx4'Hx4'D |  (2.54
(D4) 3'Wx2'Hx3'D | 3'Wx2'Hx4'D [3'Wx3'Hx4'D
2'Wx4'Hx2'D
3'Wx2'Hx1'D | &4'Wx2'4x2'D | 4'Wx3'Hx1'D |4'Wx4'Hx1'D |4'Wx4'Hx2'D 4'Wx4'H
B 2.25GHz 4'Wx2'Hx3'D [4'Wx3'Hx3'D {4'Wx3'Hx4'D (2.25
. (D3) 3'Wx2 'Hx3%'D |4 'Wx2 Hx4'D |3'Wxs4'Hx3'D
‘ 3'Wx3'Hx4'D
i
3.25GHz 4'Wx3'Hx1'D | 4'Wx4'Hx1'D | Great many |4'Wx4'Hx4'D
(D3) 3'Ux2'Hx2 4'Wx3'Hx3'D options
Standard Gain Many others
+ Horn .
None None 2'Wxd4'Hx1'D |3'Ux4'Hx1'D [4'Wx4'Hx2'D | 4'Wx4'H
, 3.45GHz 2'Wx2'Hx2'D ;:hXZ'HX3%'D 4'Yx2'Hx3'D (2.25
| (D2) 2'"Wx4'Hx2'D |3'Wx3'Hx4'D
2'Wx3'Hx4'D
2'Wx2'Hxk'D | 3'Wx2'Hx%'D [ 4'Wx2'Hx1'D 4'Wx4'Hxk'D |4'Wx4'Hx4'D
3.8GHz 2'Wx3'Hx2'D | 3'Wx2'Hx3'D {4'Wx3'Hx4'D
(1) 2'Wx3'Hx4'D
W = Width H = Height D = Depth
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Quiet Zone Volumes and Power Variations

—

%

Notes:
(1) All quiet zone volumes start at a transmission length of 23 feet and are

symmetric about the chamber width and height center points.
(2) Underlined are the volumes with minimum variations whose dimensions are
2minimum required values (3'Wx2'Hx1'D)

ST
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At each frequency, the measured power is relative to the hori-
sontal and vertical center points, at a transmission length of 23.0 feet,
Relative power levels were not maintained from frequency to frequency.

The resulting reams of data are summarized in seven tables, based
on frequency, shown as Figures 16 through 22. Analysis of the seven tables,
using the crosshatch patterns shown in the NOTES section of these figures,
resulted in the summary presented in Table I,

The chamber evaluation, using a standard gain horn instead of the
absorber backed dipole, was performed in an identical manner. These results
from figure 21, are also summarized in Table I. .

The aforementioned crosshatch patterns, and the summarized results
in Table I, are subject to the following arbitrary rules and definitions im
order to keep the analysis manageable and to not unduly complicate the re-

sulting quiet zone options.

1. All summarized quiet zone volumes start at 23.0' and are sym-
. : metric about the chamber vertical and horizontal center points.
2. The lowest minimum power level in the vertical distances sym-

4 metric about the center point determines the crosshatch pat-
| tern. For example: in figure 16 for a transmission length of
' 23.0' in a horizontal distance of + 2.0', the minimum power
levels for the symmetric distances UP 1.0' and DOWN 1.0' are
~2.25 db and -0.75 db, respectively. Both of these points,
then, are assigned the crosshatch pattern associated with
-2.25 db, which is the minimum power level in the vertically
symetric distance of + 1.0' (UP 1.0' and DOWN 1.0').
3. The maximum ripple is the maximum positive and negative per-
turbation (in db) from the average power level curve (the
"smoothed™ curve) in a horizontal traverse.
4. The underlined volumes in Table I are dictated by the mini-
mum volume required for two test samples in containers placed

side-by-side (3'Wx2'Hx1'D).

. 5. All power level values are rounded off to the nearest 0.25 db.
. Although the data taking procedure does not preclude the possibility
" ) - .

CTEEnE”
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of missing "worst point" cases, it is felt that the very large number of

data points measured represents a good statistical sampling, and the con-

clusions summarized in Table I are representative of the chamber behavior.
B. EVALUATION OF TEST SAMPLE CONTAINER AND TEST SAMPLE 1IN THE CONTAINER

1. Test Sample Container
Tests were conducted with a single test sample container in the
quiet zone. For the container havirg no microwave absorbing liner, fairly
large amplitude ripples resulted (greater than + 5.0 db). With the container
almost completely lined with a microwave absorber (the "radiation window" ex-
cepted), these variations are reduced to approximately + 3.5 db. Rem0vi;g
the plexiglass back that was on the container (the container is irradiated
from the back) and replacing it with a thin plexiglass back {(1/16" thick)
further reduced these variations to approximately + 2.5 db. By absorber
lining certain braces that are within the radiation window (and cannot be
. _ removed), the perturbations are reduced still further, to approximately
+ 2.0 db, however, portions of the radiation window are blocked, In any
event, the test sample in the container perturbs the field_in some different
1 manner and the question arises as to what constitutes a valid set of measure-
! ments: the sample and container immersed into anunperturbed fietd, or the
sample placed in an unperturbed field within the container (if this were
possible). 1In either case (the test sample and container, or the sample
alone), complex multiple reflections result.
Consideration should be given to the possibility of constructing
a suitably lossy microwave container with a radiation window of the desired

-y
dimensions.

2. Evaluation Procedure

The evaluation of the test sample container in the microwave chan-
ber was performed by mounting the container in the center of the four foot
cubic quiet zone (at a transmission length of 25.0 feet) on the horizontal
traversing mechanism. A monitor dipole was placed at a transmission length

. of 23.0' on the horizontal and vertical center point. Received power was re-

corded as a function of the horizontal traverse of the container in the quiet
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zone. The dipole was then moved toward the container in 3-inch increments‘
. and the measurement repeated. This procedure was repeated for several dif-
ferent elevations of the monitor dipole and several different frequencies.
The test sample container was moved behind the dipole monitor, rather than
the monitor being moved in front of the container, because, in the latter
case, the traversing mechanism would "“shadow" the container. Typical re-
sults of the container evaluation are shown in figure 24.
To mount the coétainer at the proper elevation level, the travers-
; ing mechanism was fitted with an absorber pedestal, upon which the container
was placed. The pedestal by itself (and the traver;ing mechanism) was evalu-
ated as described above with negligible perturbations of the R. F. fiel& re-

sulting.
' 3. Test Sample

| ) The evaluation of a single test sample in the test sample container

was performed in a manner identical to the procedure described above, Results
. - of these tests show that the sample in the container does not greatly increase
the magnitude of the field perturbations over those observed for the container
alone - + 2.88 db versus + 2.63 for the two cases respectively - however, the
phase of the reflections is changed such that where a maximum was obgarved
without the test sample, a minimum might now exist. Table II, below, is a

summary of the evaluation of the test sample and the test sample container.

TABLE 1T
Summary of Sample Container and Sample-in-Container Measurements
Test Condition Field Variation

A. Sample Container Alone (Worst Case¥)

Absorber Lined Container (3/8' plexiglass back) + 3,63 db

" v " {no back) + 4.88 db

" " " (1/16" plexiglass back) + 2.63 db

B. Sample in Sample Container

Absorber Lined Container (1/16" plexiglass back) + 2.88 db

C. Sample Alone** + .88 db
"% Yorst Case = greatest maximum to greatest minimum power variation in
: the quiet zone, for all positions of dipole monitor (see

figure 24).

LA

%% Perturbations due to Sample movement alone, container and dipole
monitor m
SToRkis
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c. POWER DENSITY

The final evaluation phase of the microwave test facility was
the measurement of the power demsity in the quiet zone, utilizing the com-
plete microwave chain.

The power density was measured with the standard gain horn monitor
as outlined in Section I1I F, for various frequencies, and for values of trans-
mitted power between 200 and 300 watts with the appropriate horn sections,
These measured values weré comparec with the power density calculated from
the measured transmitted power and the gain of the horn sections. The re-

sults are summarized in Table III.
TABLE 111

Measured versus Calculated Power Densities

Freq. Tx. Horn | Tx. Horn| Measured Ca}c. Power R Measured. A=
| ey | seosion | catn | ™ PO PR s P e L
. 2.6 D6 99.6 228 3.40 3.70 -0.30
] 2.7 D6 105.0 226 3.55 3.90 ~0.35
' 2.7 D5 91.2 220 3.0 3.0 0.00
2.8 D5 95.6 216 3.09 3. ~0.11
2.9 DS 102.0 210 3.20 2.9 +0.30
2.9 A 89.0 236 3.14 2.85 +0.29
3.0 D4 93.5 234 3.27 Si3.1 +0.17
3.1 D& 100.0 232 3.47 3.35 +0.12
3.2 D3 93.5 226 3.16 3.0 +0.16
3.3 D3 100.0 232 3.47 3.45 +0.02
3.4 D2 91,2 232 3.7 3.0 +0.17
3.6 D2 102.0 236 3.61 3. +0.01
3.6 D1 89.0 245 3.27 3.6 -0.32
3.7 Dl 95.6 260 3.71 3.6 +0.11
3.8 1 100.0 278 4.16 4.15 +0.01
3.9 p1 . | 105.0 250 3.93 4.0 -0.07
3.95 D1 110.0 250 46.12 4.35 -0.27
.' 4.0 D1 112.0 250 4.19 4.25 -0.0¢

NOTE: For these measurements R = 24.0'

= ﬁi ;&
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D. CONCLUSION '

The microwave equipment at the Walter Reed facility is capable
of producing a power density of approximately 4.0 mw/cof in a quiet zone
adequate for two test samples side-by-side (3'W x 2'H x 1'D) over the
S-band frequency range, with a transmitted power of 250 watts - the
recormended upper limit for continuous operation of the high powered
traveling wave amplifier,

For reduced quiet zone volumes, a power density of 10 mw/cm®
is possible. A

When evaluated with an absorber backed dipole, total power |
variations of + 1.75 db were observed in the 3'W x 2'H x 1'D quiet zone
over the S-Band frequency range, primarily due to reflections from the
chamber walls (+ 1.0 db). Using a standard gain horn as the field
probe reduces the observed "ripples" to less than + 0.25 db.

: For a single test sample in an absorber lined test sample
. : container, field variations of + 2.63 db were measured. The movement
of the sample alone produced variation of + 0.88 db in the power

E measured with the dipole antenna.

T v i
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Fig.1l POWER DENSITY PER WATT TRANSMITTED FOR
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Design and Test Results

Transmitting Horn,

INTRODUCTION

The anechoic chamber specifications originally called for a

four foot cubic quiet zone;

tainers side-by-side.

power deansity of 2 ma /et + 1.0 db was required in the quiet zone.

however, it was determined that a quiet zone
3' wide x 2' high x 1' deep would be suitable for two test samples in con-

With a minimum transmitted power of 200 watts, a

To

allow for a margin of safety, a uniform illumination (within *+ 1.0 db) in

a 4'W x 3'H x 2'D quiet zone was the design goal for the transmitting horn

antenna.

A conicai transmitting horn antenna design was chosen because it

has an H plane to E plane beamwidth ratio close to that required (4 to 3),

without the narrower beam in the intercardinal planes associated with the

pyramidal horn antenna.

] design incorporates '"add-on"

| widths.

Because gain and beamwidth vary with the wavelength,

This is discussed further under beamwidth considerations.

the horn

sections for the various incremental Band-

The

first section includes a built-in rectangular to circular transition ob-

viating the need for a separate waveguide transition.

Figure 5 in the main

section of this report is an illustration of the transmitting horn,

BEAMWIDTH CONSIDERATIONS

The geometry for the horn illumination of the quiet zonz is shown

in the following sketch.

s
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The chamber specifications called for a maximum of .5 db‘Qt .25 db)d
change in amplitude due to reflections from the walls. This value, added to
the .75 db (+ .37 db) change in amplitude due to the change in transmissicn
length C%aloss), dictated that the change in amplitude due to the beamwidth
of the transmitting horn could not exceed .75 db in order to meet the design
goal of i 1.0 db change in power density in the quiet zoqf volume, From the

above sketch, then, the .75 db bearwidth is 2 8, = 2. tan” 2_ = 9.2°, From
25

the figure in reference 3, the ratio of the .75 db beamwidth to the 3 db

beamwidch is .5. Thus, -
BH(.YS db) _ 6. (3 dbe BH\.YS db_m= 9.2 _ 18.4°
BH( 3 db) : H ‘ .5 .5 -

|
|
!
;

) The 5-Band frequency range from 2 to 4 GHz was divided into eight
. “.J":ncrcments, each representing approximately 10% of the band, in order to keep

the beamwidth (and gain) nearly constant. To compensate for this ten percent
bandwidth, the design beamwidth was increased by ten percent, resulting in a
; desired H plane 3 db beamwidth of 20°.

The horn aperture diameter in wavelengths (D/)) was determined from

the approximate expression from the H plane beamwidth (4).
= 10
BH(S db)= D/

‘ For 6, (3 db)= 20°, D/A = 3.5. Starting at 2.0 GHz, the approxi-
mate 10% incremental frequencies, wavelengths, and the diameter of the horn
section computed from D/XA = 3.5 are shown in Table Al. Also shown in this
table are the lengths of the various sections computed from the geometry in

the following sketch.

’b/(@; = phase error

L*@ f—.ﬂ,,ﬂ——"’é'\\ ) in wavelengths
) 2
/ ‘ D . 2 ——1
M‘T “ {1 L = (2) X 2¢
, spherica A
. ‘t\L / phase fromnt For D=~ 4\ @ 4 (chosen)
Lr wre—ih - L= &
“ L=56.75" >

(3) The Microwave Engineers Bandboock and Buyers Guide 1966, Page 174
(4) Antennas J. D. Kraus Graw Hill 1950, Page 381
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Thus L B8A determined the lengths of the various sections

)

as tabulated.
TABLE AT

Born Dimensions

Frea. A(in.) Diage:e;.éin.) Des?Zﬁ:izgn L (in.)
2.00 5.8 20,00 D8 - 21.5
2.20 5.35 18.75 D7 17.5
2.45 4.80 16.75 ‘D6 14.0
2.70 4.35 15.25 D5 10.5
2.95 4,00 14.0 D4 7.50
3.20 3.70 13.0 D3 5.25
3.55 3.35 11.75 D2 2.25
. 3.90 3.03 10.75 D1 0

The récommended frequency range for S-Band WR 284 waveguide is
2.6 to 3.95 GHz, therefore horn szctions larger than D6 may not be required.
However, should higher power densities be needed (over smaller areas) horn
sections D7 and D8, and two additional sections, D9 and D10 were constructed.
The diameters for D9 and D10 are 22.5 "and 24.5", and the lengths are 26.75“

"
and 31.75 respectively, based on the same criteria as the other sections.

GAIN REQUIREMENTS

The above analysis assumes an aperture with sufficient

gain to provide a power density of 2 mw/cnc for a minimum of 200 watts

of transmitted power. Reference 5 gives the gain of a conical horn as
4T A
G (db) = 10 log (—ig) - L where L is the loss term (in the reference figure)

versus the phase deviation at the aperture edge. For the selected phase

deviation of A/4, L = 1.5 db; and for D/A = 3.5

]
. ¢ = ("TD) - 1.5 db = 20.85 - 1.5 = 19,4 db

(5)Antenna Engineers Handbook H. Jasik, Ed. McGraw Hill (1961) Chap 10-4

stcnw
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The power density is

Pr PTGT
Pd = Yol = where P, = 200 watts {(min)
r 4TTR T
GT = 19,4 db = 87
R = 24 ft

" Pd

2.6 mw/en , which is adequate.

MEASURED VERSUS CALCULATED VALUE3

The calculated gain (@above) was 19.4 db at the design frequencies,
which included a 1.5 db loss due to efficiency and phase error. The meas-
ured gains at the design frequencies are tabulated below along with the dif-

ference between the measured and calculated gain (4G).

TABLE A2

Measured versus Calculated Gain

Horn Design | Measured Calculated AG
Section Frequency Gain Gain

Dl D39 20.3 19.4 +0.9
D2 3.55 20.0 19.4 +0.6
D3 3.20 19.7 19.4 +0.3
D4 2.95 19.7 19.4 +0.3
D5 2.7 19.6 19.4 +G.2
D6 2.45 19.4(est) 19.4 +0.0

From this table, it can be seen that the measured gain is very
slightly higher than calculated. This is due in part to the beamwidth being
slightly narrower than the design value; and in part to the phase deviation
at the aperture edge being less than A/4, and consequently, the loss due to
phase error and efficiency being slightly less than the 1.5 db allotted.

Table A3 below compares the measured and calculated 3 db beam-
widths, which again are in good agreement. These values indicate that the
expression for the H plane 3 db beamwidth is more nearly BH(S d&‘:-%%K and
for the E plane BE': 55/Dx .
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TABLE A3

Measured versus Calculated E & H Plane Beamwidths

Measured Calculat§g Measured Calculated
Horn Frequency | H Plane 3dbB.W eH(3db)=ﬁTX E Plane 3dbB.W| 8 (3db)_D/)
Section (GHz) (Degrees) (Degrees)
D1 3.9 18.9 20° 15.8 17°
D2 3.55 19.3 20° 15.7 17°
D3 3.2 '19.7 20° 15,7 17°
| D4 2,95 19.6 20° 15.5 17°
| D5 2.7 19.5 20° 15.5 17°
D6 2.45 19.5 20° 15.5 17°

Thu documcut cnnl.unl lnlofm-mn affectiog the national defenss of the United States within the mnmn( ar the Espionags I.l\n Title 1%
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APPENDIX B

Sleeve Dipole Antenna

A dipole was chosen as the field probe antenna for the chamber
evaluation in order to observe virtually all of the reflections from the
walls (and the ceiling and floor), which contribute to the perturbation of

- the field in the chamber. The sleeve (or skirt) dipole design was selected
because of its natural configuration for an upright power monitor of a ver-
tically polarized field, aﬁd because of its ease in construction utilizing
the APL 5-spline semirigid coaxial cable which was available; the dipole
probe tip simply screws into the cables hollow center conductor. The di-
pole is illustrated in figure Bl . This figure gives the pertinent design
dimensions which were arrived at empirically using the basic tenets set
forth by Silver(é).

Figure 13, in the main section of this report illustrated the

. fixed monitor version of the sleeve dipole used as a power monitor in the
chamber.

Figure B2 illustrates the "gooseneck version used to evaluate
| the chamber.
| The VSWR of both versions is shown in figure B3. These values
! include the mismatch from the Type N to 5-spline cable transition. A sur-

prising feature of these dipoles is that the VSWR was less than 2:1 from
2.6 GHz to 11.4 GHz (the limits of the then available equipment).

. (6)Microwave Antenna Theory and Design S. Silver, Ed.
MIT Rad Lab Series, Vol 12 McGraw Hill (1949) Chap 8.2

1 defenss of the United States within the meaning of the Eapionage Laws, Title 12
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Field Traversing Mechanism

The field traversing mechanism used to evaluate the anechoic
chamber is shown in figure Ci. It is capable of moving the probe antenna
(either the dipole or the standard gain horn) in azimuth and in elevation
a distance of + 2.5' from the center at variable speeds, The entire
mechanism was moved manually along the transmission length of the chamber
during the evaluation.

Incorporated in the mechanism are voltage readouts proportional
to the distance (in both azimuth and elevation) which are used to drive an
X-Y recorder. Also included are syncro position indicators on the remoée
control panel. Limit switches at the azimuth and elevation extremes set
the motor brake until the movement direction is reversed. Figure C3 is 2
wiring diagram of the mechanism and its control panel.

. The "mast™ is readily removable for ease in transportation and

storage. For the "sample container" measurements, the mast and its "super
structure', and the entire elevation drive mechanismwere removed, and an
absorbar pedestal was placed on the movable azimuth base. . The sample con-
tainer was placed on this abserber pedestal and moved +2.0 feet in azimuth
behind the fixed dipole monitor. During all measurements, the exposed super-
structure is absorber lined.

Figure C2 is the wiring diagram for the Field Traversing Mechanism.




‘a
DO NOT SCAR |
- l' I'.
*h "L POY HELATOY
o VAAAAAA VAAAAA
% 1 4
7
"
b
oo
T O—] TRALIRAT TR
e
=y
sy
BMTCH

4T [Ny
-z

E AL
LATGR
Wb VASIAC

llA

my
50 =

fROnARY

Lores S

-

A s e cmour sesaaz _sureleo vame vamae

LV TI Y

l C- 57

YO RRCORDAR,

i
é'L.

thv

TEFERLLCE VOLTAlk
BUPPL_

CECUT _BUOWLY Ty FOR  BOMY_ LAy (womaoistal f weAmd trTnoay B pruotesgmeun byPucaTiowns

=T=T-1 T I

= a [Ty
e

TRLSLml s vt Prmbnened pegcad
L LN
mteias )

WIRNAG DM -
TRAVELLEN:  WORL

= Waarar (oL w Jane

Ty v

Belar Bucar Lbneytarases SUEeE

e twmien

awmmg e b s 14BN IERY
. — . Yo
- van praime wa

€0 =8eg

TL0-99-Wd
9%0-% 19K



Johns Hoalins University
1ILD PHY..CH LABORATORY m

Silver Spring, Maryland MRT-4-046 )
M-66-072

. . o e Page D1

External Distribution:

Tamarkin Copy No.

. Cesaro

. Cesaro

Cesaro

Cesaro

[« JE T, R N W S .

. Cesarco

Grove 7

. Beard W/o enclosures

L T TR - - B B~ B~ A=
T WL W\ o

Koether W/o enclosures

s docu ina i 3 i ionil defenss of the Unitad States within the meanicg of the Espiocage Laws, Title 13
.{J'.E.C.. s.é'.’?.’-‘.?é‘“.ﬁ ﬁ?&“&ﬂ“&ﬁ?gﬂ‘:nm&u of it cootents in any mapnsr to &5 usauthorised person is prohibited by law.



* fhe Johns Hopkim Uniwversity
3 /‘ll’PLlEJ "HYRICE LARGRATORY
Silwer Spclvg, Maryland

UNGLASSIFIED

PROJECT PANDORA (U)

Final Report

T

LI
LR

per

'rh-domm\ mm- wurmniu alNecting the naliveal o

AL Qemtimen wnt

s of the United Stakes withia the

MRT-4- 046
QM-66-072
DRC-H-9331- 00 2.

24
o e E soeny
‘UNC S e ey
) ) 3 ] J .'.'__
cedee L_/M_UZ. .......

Prepared by
Eug=ne V. Byron
November 1966

ing of the Espiasge Laws. Title 1§




* The Johns Hopkine Univeruty
_APPLIED PHYSICE LABORATORY ) . ‘W

[]
L

f i and
Silver Speiog, Mery ) MRT-4-046

QM-66-072

ABSTRACT

This is the final report on the Applied Physics Laboratory's
contribution to Project PANDORA - specifically, aid in the implementa-
tion, and the evaluation of a microwave test facility at Walter Reed

Army Institute of Research. An "expandable" conical horn transmitting

antenna, and monitor dipole receiving antennas were designed for use in

the anechoic chamber constructed by Emersomn and Cuming, Inc. A mechan-
ical field traversing mechanism was dasigned and constructed for the
chamber evaluation, the microwave equipment was functionally assembled,
and the completed facility was thoroughly evaluated. The evaluation
included the measurement of power variations in the quiet zone with and
without the sample container (with and without the test sample) in the
required position, and the measurement of the power density in the quiet
zone using the Microwave Associates high power TWT and the appropriate

transmitting horn sections.

Tiis doeument contains information aNecting the pational deisose of the United Staum within the measing of the Espunags Laws, Title 13
b (it W fe- s-—a —ka fr o omas i rohibited by law,
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I. INTRODUCTION

This is the final report on the contribution of the Johns
Hopkins University Applied Physics Laboratory, to Project PANDORA -
specifically, aid in the implementation and the evaluation of a micro-
wave test facility at the Walter Reed Army Institute of Research, Forest
Glen Section. APL's responsibilities were divided into roughly three
areas: (1) aid in determining the suitability of the microwave equip-
ment to be procured, and the functional assembly of this equipment (2)
the design and fabrication of necessary speciaiized equipment, - trans-
mitting horn, monitoring dipole antennas, a field traversing mechanism,
etc., and (3) the evaluation of the microwave anechoic chamber, the '
calibration of the measurement equipment, and the test of the completed
facility. The test and evaluation of the completed facility included
the measurement of the power variations in the quiet zone of the anechoic
chamber with and without the sample container (with and without the test
sample) in the required position, and the measurement of the power den-
sity in the quiet zone. ‘

In addition, a familiarization session was conducted for Army
personnel scheduled to operate the facility. A companion report L de-
scribes the operational procedure, the procedure for determining the
power requirements and which "add-on" section of the expandable conical
horn to use for a desired power density, and a description of the moai-
toring equipment.

The commerically available microwave equipment was specified
and purchased by the Air Force Avionics Laboratory (AFAL}), Wright-Patterson
AFB, Columbus, Chio - the program managers. The microwave anechoic chamber
was designed and constructad by Emerson and Cuming, Inc., Canton, Mass,

The high power microwave traveling wave tube was designed and built by
Microwave Associates, Burlington, Mass., with the associated power supplies

furnished by Alto Scientific, Inc., Palo Alto,'California.

(1)
‘"Operational Procedure for Project PANDORA Microwave Test Facility"
APL/JHU Report MRT-4-045; (QM-66-071) dated October 1966 (U)

This documest contains information siectiog the aational defsnse of the United States within the meaning of the Fapionare Lawa. Title 18
U.S.C., Sections 763 and 7H, The Lracemimicd of the revelation of its coptents in wny macner to a0 woauthborised person is prohibited by aw.
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1I. DESCRIPTION OF THE MICROWAVE FACILITY

The microwave test facility implemented at Walter Reed con-
sists of a microwave anechoic chamber, an expandable conical transmit-
ting horn attached to one end wall of the chamber, and the microwave
control and monitoring equipment installed in four equipment racks
which are housed in the c9htr01 room adjacent to the transmission end
of the chamber. Also, a standard gain horn power monitor, and two
sleeve dipole monitoring antennas are installed in the microwave chamber.

The facility was deéigned to operate at S-Band, with conver-
sion potential through X-Band, such that a suitable quiet zone - minimu&
dimensions, 3' wide x 2' high x 1' deep, for two ‘test samples side by
side - would be illuminated uniformly; a power density of 2 mw/end + 1.0 db
over the frequency band was the design goal, with a potential for a power

density of 10 mw/cof over a reduced volume and a’' fixed frequency.
A. MICROWAVE ANECHOIC CHAMBER

The microwave anechoic chamber (Eccosorb Anechoic Chamber No.
650) is approximately 15' wide by 15' high by 35' long. fhe proposed
four foot cubic quiet zome is symmatric about a point 25 feer from the
traqsmitting end wall, and equidistant between the floor, ceiling and
sidehwalls. Figure 1 is a photograph of the chamber; figure 2 is the
general arrangement drawing, and also shows the mounting detail for the
transmitting horn. R

The désign requirements for the chamber specified that the power
variations should not exceed * .25 db superimposed on the transmitted gain
"droop” measured in the quiet zone .with an absorber backed dipole over the
frequency band of interest. As noted in Section III of this report,
these values were not realized, and power "amplitude ripples" as great as

+ 1.0 db were observed. The chamber evaluation showed that for the minimum

: quiét zone dimensions - 3' wide X 2' high x 1' deep, - power variations of

i ieis
srcREER

"l‘hé- document coctaine information aftectiog the sationa} defenss of the United Stales withio the meaniog ?l’ébo Eapionage Lawa, Title 1
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+ 1.75 db were possible over the S-Band frequency range. When a stan-
dard gain horn was used as the field probe instead of the absorber backed
dipole, considerable improvement was observed; amplitude ripples were less

than + 0.25 db. This is discussed further in Section IIT.
B. MICROWAVE EQUIPMENT

The microwave equipment is assembled in the four racks shown in
figure 3. Equipment rack'number on> contains the Spectrum Analyzer R. F.
and Display sections. Rack number fwo contains the auxiliary low power
microwave generation and modulation equipment, and some ancillary equip-
ment, in addition to the control panel for the field traversing mechanis;.
Rack number three contains the primary low-power microwave generation and
modulation equipment, and the necessary monitoring and recording equip-
ment. Rack number four contains the high power microwave amplifier and
associated power supplies and R. F. power monitors.

The equipment in racﬁ number two is not interconnected (nor is
the spectrum analyzer). The interconnection of racks number three and four
with the expandable conical horn is shown in figure 4 which is a functioral
block diagram of the microwave system. Also shown in this figure are the
“"downstream' power monitors in the anechoic chamber.

All of the equipment assembled in racks number two and three are
commercial "off the shelf" units (traveling mechanism control panel ex-
cepted) and constitutes the best and most versatile, in terms of possible
R. F. modulations, microwave equipment available. This was particularly
necessitated by the unknown nature of the desired sigral for an exparimental
facility. These units were specified and purchased by the program managers
(AFAL). Compatability and suitability of this equipment was monitored by
APL and the equipment was functionally assembled and tested at APL and de-
livered as a unit to Walter Reed.

The high power microwave amplification equipment in rack four
was purchased under separate contract (from AFAL) to Microwave Associates

and was delivered as a unit.

The domscent crolaine informelion affecting the national deleasm of the United States within the meaning of tbe Espicnaxe Lawy, Title 18
UBC., Boctions T5) and 1%, The tmosmumion of the revelalion of ita contenta in wny manser to an unautborised person s prohibited by law,
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CALTBRATED MICROWAVE FACILITY AT WALTSER RFEED ANECHOIC CHAVMBERS

Irradiated Test Section L' X 2' X 1%

BASIC SIGNAL

S-Band - Consists of Signal I and II operating at the same time and

superimposed.
Signal I
J.
1. GCarrier - 3.03 GHz
2. Noise - FM-Modulation - "™white" noise band limited - 0-500 Hz
. 20% of total enerzy is in the modulation products.

3, 1 and 2 above are swept with a LLO cycle square wave at
+ 2 MHz bandwidth.

Signal 1T

2. Koise - FM-Modulation as above except 80% instead of 20%
in the modulation producis.

3., Sinewave - FM-Mcdulation 25KHz single frequency, a small amount
of this signal is in the modulation products.

4. 1, 2 and 3 above, are swept with a LLO cycle triangular wave
form + 10 megacycles from center frequency carrier
(3.06 CHz ).

The total average power per unit area arriving in the test region where the
specimens are placed is about S milliwatts per square centimeter.
........ oY Fkﬁl?¥%,,77C)
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Monkey working 7 days/week; 10 hrs/day for 79 days prior to radiation,

ALL TESTS conducted on one morlk_gz.

DATE RADIATION
29 Oct X
30 Oct x
31 Oct x
1 Nov X
2 Hov x
3 Nov X
-
"II' Iy Nov
5 Nov x
6 Yov x
7 Nov X
8 Yov X
R
9 Yov
10 Nov
11 Nov X
12 Hov X
13 Nov x
1 Nov x
15 Nov X
. ES

{ L Y

%

| ——J
! I L~ e s
S rtian, v s e 8 et Sy 7 B AT g e TR -

EC RADTATION

EFFECT NOTED

¥o effects to this point

Yes

Yes

Yes

Yes

Function "AY

Complete stoppage in all functions,
monkey in sleep




Q R UHSLASCITED

TABLE I - continued

16 Nov X Yes Stoppage same as during radia-
tion. Stoppage of monkey work.

17 XNov x Yes n
18 Nov x Returns to normal
19 Nov X

20 Yov x

21 Nov X

22 Hov X

23 Nov X

. 5

2y Yov x

25 Yov x

26 Nov x

27 Yov b4

28 Nov x

29%ov x

30 Nov X

1 Dec X

-

2 Dec x

3 Dec p:4

4 Dec X

® .. x
6 Dec x




TABLE I - continued

7 Dec x
8 Dec X
9 Dec x
10 Dec p S
11 Dec X
12 Dec X
13 Dec x
=
1y Dec x
15 Dec x

End reporting period

Total number of radiation days

- 28

Two complete cycles of stoppage:

One =~ recovering is normal
One - not yet recovered

Yes

Yes

Yes
Yes

Yes

Yes

e R
IR

RS ]
SIS ik

Function "A" - slowed dowm
rapidly

Complete stoppage of monkey -
all functions

1

No recovery as yet
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DEFENSE ADVANCED mMMCR I I

1400 WILSON BOULEVARD

R EF;;«.E!’C& .

MEMORANDUM FOR OASD(PA) FOIA
ATTN: CDR. LANGERMAN

SUBJECT: 89-FOI-2208 (PROJECT PANDORA)

AS YOU REQUESTED DURING OUR MEETING ON 21 DEC 1989, THE FOLLOWING
INFORMATION IS FURNISHED, IN ADDITION TO THE DOCUMENTS CONCERNING PROJECT
PANDORA, FOR RELEASE TO MICHAEL DROSNIN TO SATISFY HIS REQUEST UNDER SUBJECT CASE.
(ATTACH A)

THE TERM PROJECT BIZARRE IS NOT A SEPARATE PROJECT, BUT WAS A CODE NAME FOR
A SPECIAL ACCESS CATEGORY WITHIN THE PANDORA PROJECT.

ALL OTHER DOCUMENTATION RELATING TO THE PROJECT WAS TRANSFERRED TO THE
ARMY (WRAIR) AS OUTLINED IN THE "AGREEMENT TRANSFER OF PROJECT PANDORA."
(ATTACH B)

ALSO FORWARDED IS A COPY OF DARPA LETTER DATED 15 SEP 1977 N RESPONSE TO

SENATOR MAGNUSON'S LETTER, WHICH MIGHT FURTHER SATISFY MR. DROSNIN'S REQUEST.
(ATTACH C)

FRED KOETHER
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FOIA CASE NO. 89-FOI-2208

ATTACHA:
1) MEMO FROM B. W. AUGENSTEIN TO DR. BROWN & DR. FUBINI, 13 MAY 65
2)  MEMO FROMR. S. CESARO, A'DIR., ADV SENSORS TO DIR., ARPA, 15 OCT 65
3) MEMO FROM R. S CESARQ, TO DIR., ARPA, 15 DEC 66
4)  MEMO FROMR. S. CESARO FOR RECORD, 20 DEC 66

5) REPORT BY E. V. BYRON, JOHNS HOPKINS UNIV, OPERATIONAL PROCEDURE FOR
PROJECT PANDORA MICROWAVE, OCT 66

6)  REPORT BY E. V. BYRON, JOHNS HOPKINS UNIV., PROJECT PANDORA, NOV 66
7)  MEMO FROM R. S. CESARO, TO DIR., DEF R&D, 27 SEP 67
8)  MEMO FROM HERBERT POLLACK TO R. S. CESAROQ, 2 JAN 63
9)  REPORT BY J.F. KUBIS, THE SARATOGA STUDY, 8 MAY 69
10) MINUTES OF PANDORA MEETING OF 17 JAN 69
11) MINUTES OF PANDORA MEETING OF 21 APR 69
12)  MINUTES OF PANDORA MEETING OF 12 MAY 69
13} MINUTES OF PANDORA MEETING OF 18 JUN 69
14) MINUTES OF PANDORA MEETING OF 16 JUL 69
15) MINUTES OF PANDORA MEETING OF 12 & 13 AUG 69
16) LTRFROM RAND, REVIEW OF PANDORA EXPERIMENTS, 4 NOV 69

17) PRELIMINARY REPORT ON THE EVALUATION OF DATA ASSOCIATED WITH PANDORABY J.
F. KUBIS, 4 DEC 69

18) MEMO FROM IDA REVIEW PANEL TO R. S. CESAROQ, 14 JAN 69



19)
20)
21)

22)

LETTER REPORT ON AO 791, 15 FEB 69
PROGRESS REPORT BY B. H. COHEN, JOHNS HOPKINS UNIV., 28 FEB 70
FINAL REPORT BY K. R. BRIZZEE, TULANE UNIV., 16 SEP 70

REPORT BY R. J. GAVALAS, UNIV OF CALIF AND D. O. WALTER, ET AL, EFFECT OF LOW

LEVEL, LOW-FREQUENCY ELECTRIC FIELDS ON EEG AND BEHAVIOR IN MACACA NEMESTRINA

23) MINUTES OF PANDORA MEETING, 12 JAN 70
24) FINAL REPORT BY ZARET FOUNDATION, INC.
ATTACH B:

AGREEMENT TRANSFER OF PROJECT PANDORA

ATTACHC:

LETTER FRCM DR. HEILMEIER TO WARREN G. MAGNUSON, 15 SEP 77



Ref: 89-F0I-2208/L

Mr. Michael Drosnin
458 West Broadway, 5th Floor
New York, NY 10012

Dear Mr. Drosnin:

This responds to your December 5, 1989, Freedom of Informa-
tion Act (FOIA) request to the Office of the Secretary of Defense
which was received in this Directorate on December 12, 1989. Our
interim response of December 21, 1989, refers.

The Defense Advanced Research Projects Agency (DARPA) has
determined that the documents at enclosure 1 are responsive to
your request pertaining to Project Pandora and have been granted
in full. Project Bizarre was not a separate project, rather, it
was a code name for a special category within the Pandora
Project. All other documentation relating to Project Pandora was
transferred to the Walter Reed Army Institute of Research (WRAIR)
per enclosure 2. The letter to Senator Magnuson at enclosure 3
may serve to answer any further questions you may have.

This office referred your request to the Services as previ-
ously indicated in our interim response. The Department of the
Navy response of January 10, 1990, and the Department of the Air
Force respoense of January 4, 1990, both correctly inform you that
they are unable to assist you in your search for documents.
WRAIR, under the Department of the Army, now has cognizance of
this information as indicated in the previous paragraph and
should be able to provide you a more substantive response.

After deleting 100 pages as an "other" requester, the charge-
able costs of processing your FOIA request consisted of 365 pages
of office machine reproduction (with the documents provided in
our interim response and this final response) at $0.15 per page.

Please indicate the FOIA reference number above on a check or
money order made payable to the U.S. Treasurer in the amount of
$54.75. Send the payment within 30 days to this office at the
following address:



Office of the Assistant Secretary of Defense
(Public Affairs)

Directorate for Freedom of Information
and Security Review

Pentagon, Room 2C757

Washington, DC 20301-1400

Sincerely,

W. M. McDonald

Director

Freedom of Information
and Security Review

Enclosures:
As stated

. CYT:LANGERMAN:mml:89-2208 1tr:900117: gr rk ye wh
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MEMORANDUM FOR DR. BROWN <& S e
DR. FUBINI I L
___;—1 ’,' .é'
SUBJECT: ARPA a.nd Moscow Embassy Radiation P AT

In the advanced sensor program, ARPA is entertaining proposals
to investigate possible clinical effects, primarily neurological,
of continuous microwave radiation with either CW or pulsed wave
forms.

The CIA and a special USIB Subcommittee have become interested
in this problem for the following reason. The radiation intensity
on our Moscow Embassy exceeds, by a factor of about 100, the
safety level specified in Soviet microwave specification standards.
These Soviet standards are considerably more stringent than ours.
Specifically, the Soviet standards are: to not exceed 10 microwatts
continuously and, in no case, to exceed 1 milliwatt for even very
short periods of time,

I understand that the average radiation intensity inside the windows
of our Moscow Embassy is on the order of 1 milliwatt, Consequently,
a considerable amount of interest has been generated by the CIA and
by the USIB in reviewing existing data in this field, which is very
scanty at these radiation levels, even though the possibility that the
radiation is intended to produce neurological effects on embassy
personnel is probably relatively low. On the other hand, since we
have no real idea of what the radiation is intended for, it has been
the feeling, in the USIB and the CIA, that this possibility should not
go unexplored. Unfortunately, there is some past unsavory history
of experiments of this kind in this country which has made a number
of people rather leery of further experiments in this field, and which

5 T5=65-34
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has resulted in the setting of standards of safety which are
approximately 1,000 times looser in this country than in the Soviet
Union, with our standards being set primarily by thermal damage
thresholds. Effort has been going on by the Director of Clinical
Research, Neurology, in NIH on lower level radiation to see if
neurological effects can be detected but, even in this case, the
effort has not been apparently officially sanctioned as a NIH project
because of the circumstances noted earlier.

ARPA now has some proposals to conduct meaningful experiments
in this range in which the intent would ultimately be to experiment
not only with the average intensity of the Moscow radiation but also
with a close simulation of the wave forms used. However, there
seems to be some internal resistance in ARPA to the suggestion
that ARPA proceed with these experiments, probably because there
is a feeling that at one time it certainly attracted a number of crack
pots. The proposal which makes considerable sense now is a pro-
posal to use Air Force primates as subjects in a carefully controlled
series of experiments, with the intent being to detect neurological
or synergistic effects. My feeling is that we should carry through
these experiments, if these can be accomplished at reasonable cost,
because of the following considerations:

a. There is definite USIB and CIA interest in this propo-
sition, and I believe that a2 USIB recommendation that such research
be carried on can, or will, be generated.

b. The existing U.S. experience in this particular energy
range does not seem to be very satisfactory in quality of research.

c. The pragmatic fact exists that the Soviet Union is
irradiating our embassy in Moscow with radiation which exceeds by
a factor of 100 their own safety standards, and which would give us
a lever for protest if we wished.

d. Unless, and until, other explanations are found for the
purposes of the Embassy radiation, this should not be left an unexplored
possibility.




For these reasons, I believe that ARPA should be encouraged to
do this research as part of the advanced sensor program under

the assumption that a reasonably contained, high quality, and not
unduly expensive program can be formulated. I do not think that
the past history of this particular subject, which apparently makes
many people suspicious about the scientific content of such experi-
ments, should be allowed to impede a sound research program in
this area, for the reasons mentioned earlier,

- r——

. .
. ay Ry

B. W. Augenstein
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/. T/O 15 October 1965

MEMORANDUM FOR THE DIRECTOR, ADVANCED RESEARCH PROJECTS AGENCY

SUBJECT: Justificetion Memorandum for Project PANDORA

The purpose of this memorandum is to explain scme of the background
requirements and justification for the ARPA Program Plan 562 relating
to Project PANDORA.

Background. For several years it has been noted that the American
Embassy in Moscow has been radiated with low level electromagnetic
signals on a more or less continuous basis. These emitting signals,
in the "8" and "L" band spectrum, have been of complex mcdulation with
seemingly random variations.

The White House has directed through USIB that intensive investi-
gative research be conducted within the State Department, CIA and DOD
to attempt to determine what the actual threat is and stop it. The
National program has been coordinated by the State Department under
code name project "TUMS." ARPA is represented and has been requested
to initiate a selective portion of the overall program concerned with
one of the potential threats, that of radiation effects on man.

Discussion. A progrem has been outlined to irradiate a group of
primates under carefully controlled conditions simulating the dosages
and complex modulation of the threat. This effort is known as Project
PANDORA. The trained primates will be carefully observed under varying
and controlled irradiated conditions in an attempt to determine if any
changes in their behavior or physiological condition can be detected.
This effort will be carried out on behalf of ARPA by the following
organizations.

1. The Air Force will select, procure, and monitor the
electromagnetic generating equipment and control the environment thus
produced. An initial study of equipment was made under ARPA Order #757.
They will integrate above resources into a system and provide an aero-
space medical doctor to assist the other medical team members in the
test program.

2. 'The Applied Physics Laboratory will provide scientific
consulting services and technical assistance in the design and fabri-
cation of the laboratory, its electromagnetic environment and test
facilities pertaining thereto. /
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3. The Walter Reed Army Institute of Research will provide
laboratory quarters, primates, biological monitoring and data reduction
capabilities.

4, 1In addition, Mr. Mark Groves, of the Wright Patterson
Avionics Laboratory will act as ARPA monitor and coordinator for this
project. Additionally, other consultants which will be utilized include
Drs. Nat Baldwin, NIH; Ross Adey, UCLA; Milton Zaret, Zaret Foundation;
Jd. Johnson, CIA; and H. Pollack, IDA.

Recommended Action. It is recommended that ARPA initiate the
required ARPA Orders as covered in the Program Plan attached. This
memorandum, being of a sensitive naturé>\W1l be retained in the Office
of Advanced Sensors and act as Justiflcatloﬁ\jn depth for above referenced

future Program Plan and ARPA Order.i
5 :

Actlng Dlrector
Advanced Sensors
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ADVANCED RESEARCH PRQJECTS AGENCY
WASHINGTON 25, D.C.

1 5 DE" 1963

- MEMORANDUM FOR THE DIRRCTOR, ARPA T DO ENRON
SUBJECT: Project PANDORA - Initial Test Results ¥l . wiiduisueat i
-aDgechor, Prren/ 70,

I.  BACKGRIUND PO T

In excess of five years, the American Embassy in Moscow has been
radiated with low level electromagnetic siznals (the Moscow Signal) on
a more or less continuous basis. These signals, in the "S" and "L"
band spectrum, have been of complex modulation with seemingly random
variations.

The White House has directed, through USIB, that intensive in-
vestigative research be conducted within the State Department, CIA and
DOD to attempt to determine what the actual threat is and stop it. The
Yational Program has bzen coordinated by the Stave Department, ur:der
code name, "TUMS." ARPA is represented and is conducting research on
a selective portion of the overall program concerned with one of the
potential threats, that of the effects of low level electromagretic
radiation on man. This memorandum summarizes the initial test results
obtained from this program called PANDORA. The extremely sensitive
nature of the results obtained to date, and their impact on National
Security, has resulted in establishing a special access cetegory for all
data results and analysis, under code name "BIZARRE." The code name is
vnclassified. Results can only be discussed with or conveyed to in-
dividuals cleared for this special access through Mr. Daniel J. Sullivan,
ARPA. '

II. SUFMARY

The most important results obtained to date, after 28 days (not
continuous) of radiation of a primate at 5 milliwatts/cm® with a simu-
lated Moscow Signal, have been two repetive, complete slowdowns and stoppages of
the monkey in carrying out his test work functions. The monkey works 10 hrs/
day, 7 days/week. At stoppage, the data strongly suzgests the monkey went
into deep sleep. The second breakdown occurred sooner than the first, in-
dicating that pre-stressing due to the radiation environment had occurred.
There is no question that penetration of the central nervous system has
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been achieved, either directly or indirectly into that portion of the
brain concerned with the changes in the work functions and the effects

obgerved.,

Events leading to these breakdowns were as follows: Cn the 12th
day of radiation (10 hrs/day), a definite slowdown was recorded in the
menkey's ability to time his work functions. On the 13th day of radia-
tion, the monkey further degraded ard finally stopped working. For the
next two days of radiation, the monkey's condition remained unchanged -
complete stoppage - at which time the radiation was terminated. Three
days later (without radiation) the monkey returned to normal operation
in his work functions. For five additional days (without radiation)
the monkey maintained a normal werk pattern. Radiation was turned on
after this period and after eight days of radiation slowdown in work
functions was again recorded. On the 1CGth day of radiation, complete
stoppage occurred. The stoppage cortinued for the next three days at
which time radiation was terminated. The next two days of recordings,
up to 15 December 1966, reveal the monkey had rot returned to normal.

At all times when the monkey ceased to respond, the measured deep
core temperature dropped 1.2 to 1,50F from normal with a latency of 30
1o 60 minutes. It stayed at this level for the remainder of the 10 hr/
day. This data and direct observations on a TV monitor strongly suggest
the monkey was in deep sleep.

IIT. DSTAILED TECFNICAL DISCUSSIONS

A. Signal

1. The radiation intensity on our Moscow Zmbassy exceeds, by
a factor of about 100, the safety level specified in Sogiet microwave
specification §tandards; specifically, 10 microwatts/ecm© - not to exceed
1 milliwatt/cm¢ for short periods of time (15-20 minutes). The average
steady level within the [oscow Embassy has been measured at values in
evcess of 1 milliwatt/cm®. The U.S. safety standard is 10 millivatts/cme.
large amounts of Soviet technical literature discuss non-thermal neuro-
physiological aund neuro-circulatory effects of microwave radiation at
levels below the U.S. accepted standard of 10 milliwatts/cmc, There has
been essentially no U.S. data covering this Soviet area of irvestigation.

2. The signal used in the PANDCRA radiation experiments is a
simulated portion of the Moscow Signal and its corplete characteristics
are shown in Appendix I, including a photograph of a spectrum aralyzer
display of the complete signal and an oscilloscope recording of the modu-
lation signal amplitude characteristics. Cenerally, the signal 1s centered
around 3.0 CHz (S-band) and is frequency modulated. The average power
density impinging on the monkey is approximately 5 milliwatts/cm?.
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B. Animal Test lode it

1. All testing, to date, has beer ccnducted on ore monkey.
The monkey established a base of performance over 79 days prior to test-
ing in the radiation environment. A nale rhesus monkey was restraired
in a chair in the anechoic chamber and trained :in place to establish his
base level performance without the radiation environment. Monkey work
functions are broken down into a three-part shedule: (1) Function "A" ~
is cued to the monkey by a tone of 3300 cps. This function is designed
to establish a base level of time response dependent upon internal clock,
or the ability of the animal to estimate time. The monkey is required
to wait for a period in excess of 50 seconds after the auditory cue then
respond by closing a switch. A resporse vefore 50 seconds requires the
monkey to re-cycle. The monkey is rewarded with a food pellet upon cor-
rect delayed response interval; (2) Function "B8% - is cued to the monkey
by a tone of 150 cps. In this mode the meonkey must sense change in tone
from 3300 c¢ps to the new sigral of 1L50 cps waich results in the monkey
carrying out a new function. This new function is to delay response
until the tone goes off; (3) Function "C" - starts when the tcre of
1450 cps stops and the monkey now must press a lever for each food pellet
which is delivered only after the appropriate geometric prozressions in
number of switch closings.

2. The prozression is as follows:

Step No. of Switch Closings Pellets Delivered
1 LO 1
2 80 | 1
3 160 1
b 320 1
5 6L0 1

At the end of Step 5, the program is're-cycled.
v, TEST EESULTS

A. FPFunction "A" - Results presented in Figures 1 tarcugh L show
the following: In all figures, the blacic curves represent the normal
average response for this animal with time, without the radiation environ-
ment. The vertical black lines with horizontal "pips" represent the entire
date point range of 79 days of pre-exposure results. The red line indi-
cates the performence level for the day indicated. Figure 1 represents
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performance after nine days of accumulative radiation exposure, .This
curve does not deviate from normal. Fizure 2 presents results after
fourteen days of aceumulative radiation exposure. The red line shows

a slowdown in the animal's timing behavior. Figure 3 presents results
after eight days of no exposure preceded by twenty-three days of ex-
posure, sequenced as shovn in Table I. This data indicates the monkey
returned to normal performance. Figure L presents results after twenty-
six days of cumulative exposure and shows a marked decrease in the timing
behavior (red curve).

B. Function "E' - Essentizlly no change observed in all of the
data rerorted above.

C. Function "C* - After twelve davs of radiation exposure, the
time for completing the geometric progression showed a tendency %o in-
crease (slowdown). Cni the thirteenth day, the time to completion was
clezrly grezter than normal and 5 hours and 29 minutes from the start of
this session, the monkey stonped responding altogether at the progression
function requiring 640 responses. The next two days (1L and 15), the same
pattern was seen with the monkey stopping 5 hours and 56 mirutes into the
10 hour session. The next two days, because of equipmert failure, no
radiation of the monkey occurred - although the monkey stopped working
completely (all functions) and did not recover until the third day of no
radiation, Complete cessation of all work function occurred for a total
of five consecutive days during this run,

D. Function "D" - The same effect was repeated on the 2hth, 25th
and 26%h day of radiation. At this recorting, recovery is not established.

V. OTHER EFVECTS

At all times, when the monkey ceased to respond, the measured deep
core temperature dropped 1.2 to 1.5°F from normal with a latency of 30
to 60 minutes and stayed at this level for the remainder of the 10 hours.
This data and observations on a TV monitor strongly suggest the monkey was
in deep sleep. '

The next key step in the program will involve repzating these ex-
periments with a new monkey. Confirming previous results at this stage will
next require extremely careful experimentation and measurements to begin
to understand the mechanism involved and identify supporting laboratory re-
search that must be conducted.

Deputy Director
Advanced Sensors
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ADVANCED RESEARCH PROJECTS AGENCY
WASHINGTON, D. C. 20301

20 December 1966

MEMOIANDUM FOR THE RECCRD
SUBJECT: Project PANDORA = Initial Test Results

Reference: PANDORA-BIZARRE Test Results -~ Memo dated 15 Dec 66

I. BACKGROUND

For more than five years, the American Imoassy in Moscow has been
. radiated with low level electromagnetic signals (the Moscow Signal) on
a more or less daily basis for several hours a day. These siznals, in
the "3S" and "L" band spectrum, have beer in part recorded and are of
complex modulation with a pattern of variation, some of which seems to
be random, ‘

. The White House has directed, through USIB, that intensive in-

vestigative research be conducted within the State Depariment, CIA and
DOD to attempt to determine what the threat is. The National Program
has been coordirated by the State Department, under code name, "THMS.Y
ARPA is represented and is conducting research on a selective portion
of the overall prozram concerned w1th one of the potential threats,
that of the effects of low level electromagnetic radiation on man.
This memorandum summarizes the iritial test results obtained from this
program called PANDGRA.

II. SUMLARY

The most important results obtained to date, after 28 days (not
continuous) of radiation of a primate at 5 milliwatts/em€ with a simu-
lated Moscow Siznal, have been two repetitive, complete slowdowns and
stoppages of the monkey in carryinz out his test work functions. The
monkey normally works 10 hrs/day, 7 days week. At stoppage, the data
strongly sugzests the monkey went into deep sleep. The second break-
down occurred sooner than the first, suggesting that pre-stressing due
to the radiation environment had occurred. There is no gquestion that pene-
tration of the central nervous system has been achieved, either directly or
indirectly into that portion of the brain concerned with the changes in
the work functions and the effects observed.
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Events leading to these breakdowns were as follows: On the 12th
day of radiation (10 hrs/day), a definite slowdown was recorded in the
monkey's ability to time his work functions. On the 13th day of radia-
tion, the monkey further degraded and finally stopped working. For the
next two days of radiation, the monkey's condition remained unchanged -~
complete stoppage - at which time the radiation was terminated. Three
days later (without radiation) the monkey returned to normal operation
in his work functions. For five additional days (without radiation)
the monkey maintained a normal work pattern. Radiation was turned on
after this period and after eight days of radiation slowdown in work
functions was again recorded. On the 10th day of radiation, complete
stonpage occurred. The stoppage continued for the next three days at
which time radiation was terminated. The next two days of recordings,
up to 15 December 1956, reveal the monkey had not returned to normal.

At all times when the monkey ceased to respond, the measured deep
core temperature dropped 1.2 to 1,5°7 from normal with a delay of 30
£o 60 minutes. It stayed at this level for the remainder of the 10 hr/
day. This data and direct observations on a TV monitor strongly suggest
the monkey was in deep sleep. Detailed results of tests contained in Ref 1.

III. STATUS

Only one monkey has, so far, been tested. It cannot be stressed
to0 strongly that, at this time, conclusions as to what may generally be
expected cannot be drawn until at least another monkey has been sub-
jected to the same sequence of radiation and normal environments, and has
shown similar effects.

IV, DPRESEMNT ARPA PROGRAM

A. Repeat test on second monkey which will be instrumented to
detect various body changes.

B, Based on these results, a new design of tests will be con-
structed to determine the gross mechanisms involved in producing the
effect observed.

Ve TMPLICATIONS

The central nervous system of one monkey has been affected by low
level microwave radiation. If tests on another monkey display similar
resulits then:

1. Attention must begiven to initiating a Hational Program
to investizate thoroughly these effects, since only isolated investiga-
tions hHave heretofore been carried on in the U.S. By contrast, the USSR
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has had an intensive naticnal prozram in this area for more than 10 years.

2. The U.S. microwave radiation safety standards should be
examined and overhauled to take account of tie non-thermal damage poten-
tial.

3. The potential of exerting degree of control on human
behavior by low level microwave radialion myst b refully investizated.
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ABSTRACT

This report describes the operaticnal procedure for the Project
Pandora microwave test facility. It is intended primarily for non-
microwave oriented technical personnel to enable them to operate the
facility with a minimum of training. 1Included is the Turn-On, Turn-
Off Procedure, the procedure for measuring transmitted power and power

density, and a description of the power monitors.
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INTRODUCTION

This report describes the operational procedure for the
Project Pandora microwave test facility. It is intended pri-
marily for non-microwave oriented technical personnel, to
enable them to operéte‘the facility with a minimum of training.
Section II of this report delipeates the basic turn-on, turn-off
procedure for the equipment. Section III describes the procedure
for determining which of the "add-on" sections of the expandable
conical horn to use, aﬁd the power requirements for a desired
power density.. Section IV describes the power monitors in the
microwave anechoic chamber.

The microwavﬁ equipment for Project Pandora is assembled in
the four equipment racks illustrated in figure 1. Rack No. 1
contains the Spectrﬁm Analyzer R.F. and Display sections. Rack
No. 2 contains the auxiliary low-power microwave generation and
modulation equipment.'.Tﬁe equipment in this rack is not inter-
connected (nor .is the spectrum analyzer). Rack No. 3 contains
the primar& low power micrdwave generation and modulation equip-
ment, and the necessary monitoring and recording equipment. Rack
No. 4 contains the high power microwave amplifier and power sup-
plies. The interconnéction of these two racks, with the "expandable
horn" transmitting antenna in the anechoic chamber, is shown in
figure 2 which is a functional block diagram of the microwave sys-

tem.

EQUIPMENT OPERATION

The following instructions pertain to the operation of the
equipment assembled in equipment racks 3 and 4 with reference to
figures 1 and 2.

Note: Fdr.operation of the various individual pieces of

equipment, refer to the manufacturers' operation

manuals which are available at the test facility.
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A. Preliminary Turn On Procedure T/‘ .

Note: Connect the proper transmitting horn section for
the required frequency and power density as outlined

in Section III of this procedure.

1. Equibment'Rack Number 4 Ty

a. Turn on water supply. Pressure should be between

15 and 50 psi.

b. Turn on low voltage A.C. power supply. Set Heater

Voltage to 6.3 volts.

c. Turn on D.C, power supply (solenoid power). Set

to 33 volts,

Note: Under no circumstances should the sclenoid
be operated without water cooling or perma-
. nent damage will result. If the over current
light is energized, the door interlock is
open or there is insufficient water pressure

or solenoid current.

d. Set the Cathode Voltage switch on the high voltage
power supply to the Burn-in position and turn on the

high voltage.

Note: There is a 3 minute delay before the high

voltage comes on. Allow 15 minutes warm-up.

2. Equipment Rack Number 3

a. Turn on A.C. power to rack number 3.

b.  Turn the Grid Control on the Alfred 5-6868, 10 watt
TWT amplifier to -250 volts. Turn Helix Control

completely CCW.
. c. Turn HP692C Sweep Oscillator to Standby position.

d. Turn on power to all equipment, allow 15 minute

warm-up.
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e, Zero all HP431C power meters. For maximum ac-
curacy, the power meters should be "re-zeroed"
periodically. Refer to the HP431C instruction

manuali.

£. Turn Sweep Oscillator Output Attenuator and TWT

Output Attenuator completely CW (max. attenuation).

g. Set HP692C to desired frequency and connect for

desired modulation.

Note: Refer to the instruction manuals of the HP692Z,
" HP8403A, and the HP3300A for the possible
modulation options and their settings. If
the aﬁxiliary low power R.F. generation and
modulation equipment is to be used, refer to
. : the appropriate instruction manuals for pos-
- sible interconnections and operating instruc-

tions.
-~ h. Turn HP692C to Operate position.

B. Qperational Turn On Procedure

1. Equipment Rack Number &4

a. Set Cathode Voltage switch to the .1/3.3KV position

and observe high voltage and current meters.

Note: Do not allow high voltage to exceed 3250

velts and the current to exceed 560 ma.

b. If necessary, adjust high voltage screwdrive adjust-
ment for high voltage meter reading of 3250 volts,
DO NOT EXCEED 560 MA. CURRENT.

2. Equipment Rack Number 3

. a. Turn Helix Control on Alfred 5-6868 TWT completely CW.

b. Turn Grid Control on Alfred 5-6868 TWT completely CW.
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c. Adjust Sweep Oscillator Output Attenuator for
maximum power output as observed on TWT Monitor

Power Meter. Lock in position.

d. Adjust TWT OQutput Attenuator for the required
transmitted power as observed on the TWT Monitor

Power Meter. Lock in position.

Note: The transmitted power required for a desired

power density can be determined from figure 3

and Section III of this procedure.

The transmitted power can be determined from

the meter reading and figure 4; (High Power

Monitor, - Meter Reading vs. Qutput Power).

DO NOT EXCEED 250 WATTS TRANSMITTED POWER FOR
. ‘ EXTENDED PERIODS OF TIME WITH THE INITIAL TUBE

SUPPLIED,

e, Set the monitor switches on the monitor switch panel
to connect the desired function to be monitored to
the strip chart recorder. The normal setting of these
switches is TWT Monitor to the recorder channel No. 2,

and Monitor Channel No. 1 to recorder channel No. 1.

f. Connect "Available Inputs' to the scope or the HP415

as required.

C. Turn Off Procedure

1. Equipment Rack Number 3

a. Turn 10 W TWT Output Attenuator max. CW (max.

attenuation).
b. Turn Sweep Oscillator Output Attenuator max. CW.

’ . c. Turn Grid Control on Alfred 5-6868 10 Watt TWT to
. -250 volts. Turn Helix Control completely CCW.
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d. ' Turn HP692C Sweep Oscillator to Standby position.

- Rack power may now be turned off.

2, .Egpipment Rack Number 4

a. Set the Cathode Voltage switch on lhigh voltage

power supply to Burn-in position.
b. Turn off high voltage,ﬁf
c. Turn off low voltage‘A.C. power supply.
'd.' Tu¥n off D.C. power supply.

e, Turn off water supply.

III. PROCEDURE FOR SELECTING HORN SECTION AND OUTPUT POWER FOR DESIRED
POWER DENSITY ‘

. A. Design Frequency Range for "Expandable" Conical Horn

The microwave facility was designed such that a suitable
quiet zone - minimum dimension, 3' wide by 2' high by 1' deep
for two "test samples' side by side - would be illuminated
uniformly a + l;Odb power variation in the quiet zone was
the design goal. The quiet zone, as discussed in this report,
starts at a transmission length of 23.0 feet and is symmetric
about the chambers horizontal and vertical axis. These quiet
zone dimensions, therefore, set the beamwidth characteristics
of the transmitting horn; and a conical transmitting horn with
"add-on" section was designed to give maximum gain with the
required beamwidth over the 5-Band frequency range. Under
these conditions, figure 3 shows the "design frequency range"

for the appropriate sections (D1 through D6)° Thig figure is

a plot of power density (in mw/cmz) per watt transmitted - P3d/W -
versus frequency, for each of the horn sections. It can be seen
2

. that, for the design frequency ranges, Pd/W is 1.6x10-2 mw/cm” + 10%.
watt
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Thus, for 250 watts transmitted, the power density in the

quiet zone is 4.0 mw/cm2 + 10%.

1. .To determine specifically the transmitted power required
for a desired power density (at a given frequency in the
design range):

a. Determine Pd/W for the known frequency and horn B
section from figure 3.
b. Solve: Pd/W x Power = Power density
Power density
Power Pd/W
c.  Example: At 3.0 GHz, a power density of 2mw/cm2
is required. (Horn Section Dg)
. Pd/W = 1.58x10" 2 from figure 4.
I =
Power = - 7.58x10 2 126 watts
2. To determine power density from a known transmitted power:
. a. Determine Pd/W for the known frequency and horn
section from figure 3.
b. Solve: Power density =  Pd/W x Power
c. Example: At 3.5 GHz, 200 watts are transmitted (Horn
Section Dz).
Pd/W = 1.56x10°°% from figure 3.
Power density = 1.56&10_2x200 = 3,13 mw/cm2
B. Horn Section for a Reduced Quiet Zone

To increase the versatility of the test facility, additional

‘"add-on" horn sections were designed to uniformally illuminate suc-

cessively smaller quiet zonme volumes with increased gain. The

width of the various sections and is beyond the scope of this re-

. determination of the quiet zone volume is dependent upon the beam-

port.
band (3.95 GHz) horn section D

Suffice it to say that, at the upper end of the frequency

10 will essentially illuminate uni-
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a quiet zone large enough for a single test sample -

1.5'W x_i'H x 1'D. At this frequency, D10 gives the maximum

power density obtainable for the system. As the frequency 1is

decreased, horn section D

10 will uniformally illuminate a

proportionately larger volume with reduced gain.

1. The'power required for a desired power density can be

determined as in Al zbove.

a.

Example: 10 mw/cm2 power density is desired at

3,95 GHz (Horn Section DIO)

' _ Power Density
Power = Pa/W
TPA/W 3.83 x 1077 from figure 3

10
3.83 x 10

Power = -3 2 260 watts

MICROWAVE POWER MONITORS

In addition to the high power TWT monitor, there are 3 power

monitors in the anechoic chamber. Two of these, Monitor #1, a

standard gain horn, and Monitor #2, a sleeve dipole, are connected

to the HP431C power meters in rack number 3. These two monitors

may be switched to the Mosley 7100B strip-chart recorder (see figure 2).

The third monitor, alternate monitor number 1, is a sleeve dipole and

has an available output as shown in figure 2,

A.

Monitor Number 1

Monitor number 1, the standard gain horn, is the primary
"down stream' power density monitor. Power readings on the

Channel No. 1 power meter can be converted to power density

at the point of measurement with reference to figure 5.

Note:

1t must be reemphasized that this monitor, in conjunction
with figure 5, measures the power density at the point

where the monitor is placed in the chamber, and not the

power density at the center of the quiet zone as determined

in Section III,
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B.

Monitor Number 2 and Alternate Monitor No., 1

These monitors are available to measure relative power
density and for the observafioﬁ of signal waveforms at any
point in the chamber.

By placing monitor number 2, with its alternate monitor
1ihe connected, at a point of known‘power density (previcusly
determined as in Section III or IV A above), and placing alter-
nate monitor number 1, at any other peint in the chamber; a
gross measurement of power density can be made by observing
the relative readings. Due to the nature of the chamber re-
flections, the power density measured in this manner can be in
error by + 2 db; however, as a ''gross' power density measurement
technique, these monitors are useful since they are lightweight

and easily movable,
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Fig.4 HIGH POWER TWT MONITOR - METER READING Vs
TRANSMITTED POWER
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ABSTRACT

This is the final report on the Applied Fhysies Laboratory's
contribution té Project PANDORA - specifically, aid in the implementa-
tion, and the evaluation of a microwave test facility at Walter Reed
Army Institute of Research. An "expandable" conical horn transmitting °
vantenna, and monitor dipole receiving antennas were designed for use in

the anechoic chamber constructed by Emerson and Cuming, Inc. A mechan-
ical field traversing mechanism was designed and constructed for the
chamber evaluation, the microwave equipment was functionally assembled,
and the completed facility was thoroughly evaluated. The evaluation
ncluded the measurement of power variations in the quiet zone with and
without the sample container (with and without the test sample) in the
required position, and the measurement of the power density in the quiet
zone usirg the Microwave Associates high power TWT and the appropriate

transmitting horn sections.
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I. INTRODUCTION

This is the final report on the contribution of the Johns
Hopkins University Applied Physics Laboratory, to Project PANDORA -
specifically, aid in the implementation and the evaluation of a micro-

- wave test facility at the Walter Reed Army Institute of Research, Forest
Glen Section. APL's responsibilities were divided into roughly three
areas: (1) aid in determining the suitability of the microwave equip-
ment to be procured, and the functional assembly of this equipment (2)
the design and faebrication of necessary specialized equipment, - trans-
mitting horn, monitoring dipole antennas, a field traversing mechanism,
etc,, and (3) the evaluation of the microwave anechoic chamber, the K
calibration of the measurement equipment, and the test of the completed
facility. The test and evaluation of the completed facility included
the measurement of the power variations in the quiet zone of the anechoic
chamber with and without the sample container (with and without the test

.sample) in the required position, and the measurement of the power den-
sity in the quiet zone. '
In addition, a familiarization session was conducted for Army
Personnel scheduled to operate the facility. A companion report L de-
scribes the operational procedure, the procedure for determining the
power requirements and which "add-on"” section of the expandable conical
horn to use for a desired power density, and a description of the moni-
toring equipment.
The commerically available microwave equipment was spécified
and purchased by the Air Force Avionics Laboratory (AFAL), Wright-Patterson
AF¥B, Columbus, Ohic - the program managers. The microwave anechoic chamber
was designed and constructed by Emerson and Cuming, Inc., Canton, Mass.
The high power microwave traveling wave tube was designed and built by
Microwave Associates, Burlington, Mass., with the associated power supplies

furnished by Alto Scientifie, Inc., Palo Alto,.California.

(1)
"Operational Procedure for Project PANDORA Microwave Test Facility"
. APL/JHU Report MRT-4-045; (QM-66-071) dated October 1966 (U)

sICREY D,

This document eontains information sfferting the pational defenss of the United States within the meaning of the Fspionage Laws, Title 13
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TI. DESCRIPTION OF THE MICROWAVE FACILITY

The microwave test facility implemented at Walter Reed con-
sists of a microwave anechoic chamber, an expandable conical transmit-
ting horn aEtached to one end wall of the chamber, and the microwave
control and monitoring equipment installed in four equipment racks
which are housed in the cghtrol room adjacent to the transmission end
of the chamber. Also, a standard gain horn power monitor, and two
sleeve dipole monitoring antennas are installed in the microwave chamber.

The facility was designed to cperate at S-Band, with conver-
sion potential through X-Band, such that a suitable quiet zone - minimu;
dimensions, 3' wide x 2' high x 1' deep, for two test samples side by
side - would be illuminated uniformly; a power density of 2 mw/cu?‘i 1.0 db
over the frequency band was the design goal, with a potential for a power

density of 10 mw/co over a reduced volume and a' fixed frequency.

. . MICROWAVE ANECHOIC CHAMBER

The microwave anechoic chamber (Eccosorb Anechoic Chamber No.
650) is approximately 15' wide by 15' high by 35' Iong. fhe proposed
four foot cubic quiet zone is symmetric about a point 25 feetr from the
transmitting end wall, and equidistant between the floor, ceiling and
sideralls. Figure 1 is a photograph of the chamber; figure 2 is the
bgeneral arraﬁgemeﬁ;‘drawing, and also shows the mounting detail for the
transmitting horn, -

The désign requirements for the chamber specified that the power
variations should not exceed + .25.db superimposed on the transmitted gain
"droop" measured in the quiet zone.with an absorber backed dipole over the
frequency band of interest., As noted in Section III of this report,
these values were not realized, and power "amplitude ripples” as great as
+ 1.0 db were observed. The chamber evaluation showed that for the minimum

- quiet zone dimensions - 3' wide x 2' high x 1' deep, - power variations of

This docursent postains information affeetiog the nationsl defenss of the United States within the meaning of the Espiobage Laws, Tithe 18
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+ 1.75 db were possible over the S5-Band frequency range. When a stan-
dard gain horn was used as the field probe instead of the absorber backed
dipole, considerable improvement was observed; amplitude ripples were less

than + 0.25.db, This is discussed further in Section III.
B, MICROWAVE EQUIPMENT

The microwave equipment is assembled in the four racks shown in
figure 3. Equipment rack‘number on= contains the Spectrum Analyzer R. F,
and Display sections. Rack number two contains the auxiliary low power
microwave generation and modulation equipment, and some ancillary equip-
ment, in addition to the control panel for the field traversing mechanigk.
Rack number three contains the primary low-power microwave generation and
modulation equipment, and the necessary wmonitoring and recording equip-
ment. Rack number four contains the high power microwave amplifier and
associated power supplies and R, F. power monitors.

‘ The equipment in rack. number two is not interconnected (nor is
he spectrum analyzer). The interconnection of racks number three and four
with the expandable conical horn is shown in figure 4 which is a functional
block diegram of the microwave system. Also shown in this figure are the
"downstream'" power monitors in the anechoic chamber.

All of the equipment assembled in racks number two and three are
commercial "off the shelf" units (traveling mechanism contreol panel ex-
cepted) and constitutes the best and most versatile, in terms of possible
R. F. modulations, microwave equipmeﬁt available. This was particularly
necessitated by the unknown nature of the desired signal for an experimental
facility. These units were specified and purchased by the program managers
(AFAL). Compatability and suitability of this equipment was monitored by
APL and the equipment was functionally assembled and tested at APL and de-
livered as a unit to Walter Reed.

The high power microwave amplification equipment in rack four
was purchased under separate contract (from AFAL) to Microwave Associates

and was delivered as a unit.

ﬁl“ﬂﬁE?
™~ . .[_
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C. TRANSMITTING HORN

The transmitting horn characteristics were dictated by the
dimensions of the quiet zone to be uniformly iliuminated. This de-
sign rationale and the test results are discussed in Appendix A of this
report. Iﬁ order to provide a constant gain and beamwidth over the de-
sired frequency band, "add-on" sections were provided as depicted in
figure 5. '

The first sectibn of this "expandable" conical horn incor-
porates a rectangular to circular transition obviating the need for a
separate rectangular to circular waveguide transition.

Gain measurements and antenna patterns were taken for each
horn section at the center, and at the low and high ends of the S-Band
frequency range. The results of these measurements are summarized in
figures 6, 7, 8, and 9. Figure 6 shows the absolute gain of each of
the sections across the frequency band. Also shown, is the design fre-

.quency range for each section. Figures 7 and 8 show the E and H plane
3 db beamwidth respectively, and figure 9 is a typical E and H plane

pattern (section D3) in its design frequency range.
D. POWER MONITORING

One of the prime requirements for the microwave test facility
was the ability to accurately determine the power density in the quiet
zone of the anechoic chamber and to observe the transmitted signal, within
the limits afforded by commercially available test equipment.

Three monitoring channels were incorporated in the system, and
several coupled outputs are available for observing signal wave form,
either on an oscilloscope (detected outputs), or directly on the spectrum

analyzer (see figure &4).
1. Transmitted Power Monitor

To measure the transmitted power, two coaxial directional couplers
and a thermistor mount were installed in the high power edﬁipment rack (fig-
ure 4). The thermistor output is connected to the HP 431C power meter in

ack number three. The loss in this coupled transmission path was measured

AN

This dorument contains information affecting the patiocal defanse of the United States within the mesning of the Espionage Laws, Title 13
UB.L., Sectiorm 79 and 704. The transmimion or the mvelation of its cootents ip any manner 10 ap unauthorized person is prohibited by law.
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over the S-Band frequency range. The resultant calibration was incor-
porated with the measured loss of the output cable and the waveguide to
coax adapter on the tramsmitter horn, to plot the transmitted power curve
shown in figure 10. This curve is a plot of corrected power meter reading
versus transmitted power. Included in this figure is the legend for deter-
mining transmitted power from the corrected meter reading, and conversely,
the method for setting the-transmitied power by observing the meter reading.
This figure in conjunction with figure 11 (Power Density per Watt Trans-
mitted for Each Horn Section) can be used to determine the on boresight
power density in the quiet zone. This is explained in greater detail in,

section II E.
2. Standard Gain Horn Monitor

The standard gain horn monitor (monitor number 1 in figure &),

s the primary "downstream'" power density monitor, The gain deviation ver-
‘us frequency curve of the standard gain horn, and the measured loss of the
connecting cable and waveguide to coaxial adapter were incorporated into
one frequency correction curve, shown in figure 12. This figure is a plot
of the power density as a function of the corrected power meter reading.
The power density thus measured is the power density at the position where
the standard gain horn is placed in the chamber, and not the on boresight
power density alluded to in the section above. It is possible to measure
the power density in the anechoic chamber directly, only if the horn moni-
tor can be physically placed at the desired position without interfering
with the experiment in progress. If this is not possible, then the power
density can be determined by extrapolating the measured power density, to
the power density at any other position in the quiet zone by using the
known gain-beamwidth characteristies of the transmitting horn section. In
a similar fashion, the on boresight power density determined from the meas-
ured transmitted power can be extrapolated to any point in the quiet zone.

The determination of power density for other than on boresight (and meas-

.red) conditions is discussed in Section I1 F.

'.I"Ininhdos_umni contains julormation afiecting the pational defsnse of tha United States within the meaning of the Espionage Laws, Title 13
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3. Monitor Dipoles

In addition to the standard gain horn monitor, two sleeve di-
pole monitors are available in the chamber for the observation of signal
waveforms. -These dipole monitors are shown in figure 13. The design
dimensions and the measured results are discussed in Appendix B.

‘It was originally intended that these dipoles would be cali-
brated and used to measure. the abso’ute power density at any position in
the chamber. Unfortunately, the rather large amplituae ripples caused by
the reflections from the chamber walls, precluded this possibility. (The
standard gain horn integrates the ripples over its considerably larger
area and, consequently, was substituted as the prime power density monitor.)
However, since the dipoles are light-weight and easily movable, they were
retained for signal waveform observation, and for the "gross measure" of
power density. Since the two monitors have identical characteristics, by

.lacing one at a region of known power density, and placing the other at
ny desired position, the power density at any position can be determined.
This is a "gross measurement' because the amplitude ripples can cause an

error as great as 2.0 db,
E. SELECTION OF TRANSMITTING HORN SECTIONS

As stated previously, the microwave facility was designed such
that a suitable quiet zone - minimum dimensions, 3' wide by 2' high by 1'
deep for two test samples side by side - would-be uniformly illuminated;
a + 1.0 db power variation in the quiet zone was the design goal. The quiet
zone starts at a transmission length of 23.0' and is symmetric about the

chamber horizontal and vertical axis.
1. Design Frequency Range

As discussed in Appendix A, the guiet zone dimensicns set the
beamwidth characteristics of the transmitting Horn; and a conical trans-
mitting horn with "add-on" sections was designed to give maximum gain with
the required beamwidth over the S-Band frequency range. Under these condi-

.ions, figure 11 shows the "design frequency range" for the appropriate

This document tontaing information affecting the national defens of the United States within the meaning of the Espionage Laws, Title 18
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sections (D1 through D6). This figure is a plot of power density (in mw/cn?)
per watt transmitted - Pd/W - versus frequency for each of the horn sections
at a transmission length of 23,0 feet. These curves are obtained by plotting

the expression:

P G

e i . L - E as a function of frequenc
P 2 . £ quency,
T T .
where GT is the measured gain of each of the transmitting horn sections,
and R = 23.0 feet is the transmission length. Thus Pr 1 is the
Ar : PT

power density per watt transmitted when P, is the transmitted power.

T

It can be seen from figure 11 that, for the design frequency

2 mw/ent

watt = 10%. For 250 watts of transmitted

ranges, Pd/W is 1.6 x 10°

.ower - the recommended upper limit for continuous operation of the high
power TWT - the power density is 4.0 mw/ enf + 10%, which adequately meets
the design goal of 2 mw/cof in the quiet zone.

. Neglecting reflections in the chamber, the power density vari-
ation for angles off boresight is dependent upon the transmitting horn sec-
tion used (the gain), the frequency, the éngle, and the transmission length.
The change in relative amplitude versus frequency for angles of 2, 4, and 6
degrees for each of the horn sections is shown in figures 14 and 15, The
change in relative amplitude is defined as the maximum relative power ampli-
tude at a designated frequency (the gain at boresight), minus the relative
amplitude at the off boresight angle indicated, at the same frequency. The
curveg were obtained from the measured antenna patterns, Thus, the curves
in figures 14 and 15 show the change in power density, for a fixed trans-
mitted power and transmission length, at the angles indicated for each of
the horn sections. For the minimum quiet zone dimensions, starting at a
transmission length of 23', the maximum off boresight angle, in the H plane
(vertical polarization) is:

1 1
.H =+ tan 1.5 =+ 3.75°, and in the E plane Bp =t tan 1 =+ 2.5°,
23 : 23

__ ) i, [ P ‘L ‘._ ,
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It can be seen from figure 14 that in the design frequency range, the
maximum change in relative amplitude is 0,75 db, which occurs for horn
section D1 at frequency 4.0 GHz, (H plane, &4 degrees). Adding another
0.4 db due to the change in transmission lengﬁh in the quiet zone {one
foot deep), the total change in relative amplitude, and hence the change
in power density for a fixed power transmitted, is 1.15 db (v + .6 db)
which is well within the + 1.0 db goal set for the quiet zone.
For a quiet zone‘A' wide x 3' high x 1' deep (SH:‘i 5°, Gé:;j 4.0%),
the power density would be within + 1.0 db (neglecting reflections). This

was borne out by the chamber evaluation discussed in Section III,
2. Horn Sections for Higher Power Densities

To increase the versatility of the facility, additional "add-on"
horn sections were designed to wuniformly illuminate successively smaller
quiet zone volumes with increased gain. Thus, at the upper end of the fre-
ency band (3.95 GHz) horn section D10 will illuminate uniformly (= + .5 db)
.quiet zone large enough for a single test sample - 1.5' wide x 1' high x
1! deep This can be determined from figure 15 where for D10 and 8 =.i 20,
BE = , DA = .5 db. At this frequency, D10 gives the maximum power den~.
sity obtainable for the system, From figure ll, for horn section D10 at
3.95 GHz, P4d/W = 3.83 x IUP s and the power required for a power density of

10 mw/cof is: 10 __ . 260 watts which is obtainable from the high

3.83 x 10-°

power TWT in the system,
F. DETERMINATION OF POWER DENSITY

As discussed in Section II D, the power density can be determined
by direct measurement using the standard gain horn monitor and figure 12, if
the monitor can be physically placed at the desired position. The on bore-
sight power density can also be determined from the measured transmitted
power and figure 11. From the discussion in Section E above, it can be seen

that this value will be correct to better than + 1.0 db for any point in the

iuiet zone in the design ranges.

Thia document containg m!oﬂnntnu affecting the pationsl defecss of the United Siates within the mneaning of the Espionage Laws, Title 18
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In using the larger section to illuminate the 3' wide by
2' high by 1' deep quiet zone, the power density at any position can
be determined from the on boresight power density/watt transmitted
curve (figure 11), and the AA curves given in figures 14 and 15.
As an example, for horn section D10 with 200 watts trans-
mitted at 3.95 GHz, the power densitﬁéat boresight is Pd = Pd/W x
power transmitted. Pd/W = 3,83 x 10" from figure 11, thereforef
0o + tan” 1.5/23 =
+ 3.75°. Interpolating from figure 15 for D10, QH =4 3.75; AA is ap-

Pd = 7.66 mw/em®. At the edge of the 3' quiet zone, §

proximately - 2.25 db = 60% of the maximum amplitude, and the power l
density is approximately 7.66 x 60% = 4,56 mw/cn® at the quiet zone edge.
In a similar manner, the on boresight power density can be
determined from the measured power density at any point in the quiet
zone. Actual values measured during a preliminary experiment are used
.s an example., The standard gain horn monitor was placed 2.5' off bore-
sight in azimuth, and its meter reading was 2.4 dbm. From figure 12, at
3.2 GHz (the transmitted frequency) the frequency correction term is 2.2
db. Thus, the corrected meter reading is + 2.4 dbm + 2.2 db = 4.6 dbm,
which (from figure 12) corresponds to a power density of 3.1 mw/en® at L
the point of measurement. The monitor horn position gives a BH - x tan
2.5/23 = + 6.10, and from figure 14 for 9H = 6° and horn section D6
(the horn section used) AA = 1,9 db = 65%. Therefore, the on boresight
power density is 3.1 mw/cm® x 6%i = 4,78 mw/cm®. For this experiment,
the measured transmitted power (210 watts) gives an on boresight power
density of 4.72 mw/crt  (from figure 11) which is in good agreement with

the above calculated value (4.78 mw/cnf ).

ITI. EVALUATICN: PROCEDURE AND RESULTS

The evaluation of the microwave test facility was divided in three

phases: (1) the evaluation of the reflection from the walls and ceiling of the

wEREm

L oa . P PR ) e W etine tha natiranl dafarem of tha Tiniied Qictas within tha meanine of tha Fanwnazse Iaws Title 12
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empty microwave chamber as measured with an absorber backed dipole and

a standard gain horn, (2) the measurement of the reflections from a

single sample container (both occupied and unoccupied) in the quiet zone
and (3) the measurement of the power density in the chamber using the high

power source and the various horn sections.

A. MICROWAVE CHAMBER EVALUATION

.

The results of the evalua‘*ion of the microwave anechoic chamber
are summarized in Table I. It can be seen from this tabulation, that for
the required minimum quiet zone dimensions - 3' Wide x 2' High x 1° Deepj-

a total power variation of + 1.75 db is possible over the frequency band of
interest. At selected frequencies, adequate quiet zones with + 1.25 db
variations are possible. The measurements, performed with an absorber backed
dipole, indicate that the power variations are primarily due to "amplitude
- ripples" caused by reflections from the chamber walls, Maximum ripples as

.great as + 1.0 db were observed. Figure 16 is a typical example of the
power variation due to reflections. This data is for a 25' transmission
length at F = 3,25 GHz. '

The values obtained with a standard gain horn at 3.25 GHz (gain =
16.5 db) are also shown in Table I, (from figure 21) as an example of the
optimistic conclusions resulting from the use of a large area receiving
antenna. The horn integrates the reflected ripples over a receiving area
considerably larger than that of the dipole. Maximum ripples as observed
with the standard gain horn were less than + 0,25 db,

The chamber was evaluated by taking horizontal cuts, through the 4
foot cubic quiet zone which is centered equidistant between the side walls,
and the floor and ceiling; a distance 25.0' from the transmitting end wall.
The horizontal cuts extending + 2.0' from this quiet zone center, were taken
at elevation increments of + 10", + 1.5, and + 2.0' for each transmission
length increment of + 1.0', + 1.5, and + 2.0' from the 25.0' center point.
These measurements were repeated at each of the six different frequencies in
the design range of each of the horn sections. Relative power as a function

.f horizontal distance was recorded on an X-Y recorder, equipped with a roll

chart adapter, for each of the measurement increments.

L o A T S
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The Johns Hophing University TABLE I e
*"'Usf::;;?:"mm"“ Quiet Zone Volumes and Power Variations SECHEA
«;;ue' ey Volume Dimensions for Power Variations of:

Sec +1.0db +1.254db +1.5db +1.75db +2.0db 242.25db
None None 2'Wx2'Hx3'D |4'Wx3'Hx1'D |4'Wx4'Hx1'D | 4'Wx4'Hx4'D
gg;‘z 3'Wx3 ' Hx3'D |4'Wx3'Hx2'D (2.75db)
4'Wx2'Hx3%'D
3'Wx4"Hx2'D
2'Wx3'Hx1'D { 4'Wx3'Hx1'D | 4'Wx3'Hx2'D j4'Wx3'Hx3'D [4'Wx4'Hx4'D
BGHz 3'Wx2'Hx2'D | 3'Wx4'Hx1'D {3'Wx4'Hx3%'D
b3) 2'Wx3'Hx2'D | 3'Wx3"Hx3%'D[3'Wx3 Hx4 'D
2'Wxh'Hx}'D | 2'Wxd'Hx2'D |2'Wx4 'Hx4'D
3'Wx2'Hx%'D 4'Wx2 'Hx1'D | 6'Wx3'Hx1'D |4'Wx3'Hx2'D [4'Ux4'Hx1'D 4'Wx4'Hx4'D
OGHZ 3'W'3'Hx1'D | 3'Wx3'Hx2'D |3'Wx4'Hx3%'D|3'Wxb'Hx4'D |  (2.5ab)
D4) 3'Wx2'Hx3'D | 3'Wx2'Hx4'D j3'Wx3'Hx4'D
2'Wx4'Hx2'D
_%&___JM 4'Wx2'Hx2'D | 4'Wx3'Hx1'D [&4'Wx4'Hx1'D |4'Wx4'Hx2'D 4'Wx4d"Hx4'D
256G 4'Wx2'Hx3'D |4'Wx3'Hx3'D |4'Wx3'Hx4'D {2.25db)
D3) 3'Wx2'Hx3%'D{4 'Wx2'Hx4'D {3'Wx4'Hx3'D
3'Wx3'Hx4'D
25GHz L'Wx3'Bx1'D | 4'Wx4'Hx1'D | Great many (4'Wx4'Hx4'D
D3) 3'Wx2"Hx2 4'"Wx3"Hx3'D options
.rd Gain Many others
rn :
o None None 2'Wx4'Hx1'D [3'Wx4 'Hx1'D 4'Wx4'Hx2'D | 4'Wx4'Hx4'D
45GHz 2'Wx2'Hx2'D 3Thx2‘HX3%'D 4'Wx2'Hx3'D {2.25db)
D2) 2'Wx4'Hx2'D | 3'Wx3'Hx4'D
2'Wx3'Hx4'D
2'Wx2'Hx:'D | 3'Wx2'HxA'D | 4'Wx2'Hx1'D [4'Wx4'Hx3'D [4'Wx4'Hx4'D
. 8GBz 2'Wx3"Hx2'D | 3'Wx2'Hx3'D |4'Wx3'Hx4'D
oL 2'Wx3'Hxb 'D
= Width H = Height D = Depth

)te5‘|II'

This document contains
US.C, Secticos 793

All quiet zone volumes start at a transmission length of 23 feet and are
symmetric about the chamber width and height center points.
(2) Underlined are the volumes with minimum variations whose dimensions are
zpinimum required values (3'Wx2'Hx1'D)

St T
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of missing "worst point" cases, it is felt that the very large number of
data points measured represents a good statistical sampling, and the con-

clusions summarized in Table I are representiative of the chamber behavior.
B. EVALUATION OF TEST SAMPLE CONTAINER AND TEST SAMPLE 1IN THE CONTAINER

1. Test Sample Container
Tests were conducted with a single test sample container im the
quiet zone. For the container havirg no microwave absorbing liner, fairly
large amplitude ripples resulted (greater than + 5.0 db). With the container
almost completely lined with a microwave absorber (the "radiation window" ex-
cepted), these variations are reduced to approximately + 3.5 db. Removi;g
the plexiglass back that was on the container (the container is irradiated

from the back) and replacing it with a thin plexiglass back (1/16" thick)

further reduced these variations to approximately + 2.5 db. By absorber

‘:’.ning certain braces that are within the radiation window (and cannot be

moved), the perturbations are reduced still further, to approximately
+ 2.0 db, however, portions of the radiation window are blocked. In any
event, the test sample in the container perturbs the field_in some different
manner and the question arises as to what constitutes a valid set of measure-
ments: the sample and container immersed into anunperturbed field, or the
sample placed in an unperturbed field within the container (if this were
possible). 1In either case (the test sample and container, or the sample
alone), complex multiple reflections result.

Consideration should be given to the possibility of constructing

a suitably lossy microwave container with a radiation window of the desired

)
dimensions.

2. Evaluation Procedure

The evaluation of the test sample container in the microwave cham-
ber was performed by mounting the container in the center of the four foot

cubic quiet zone (at a transmission length of 25.0 feet) on the horizontal

23.0' on the horizontal and vertical center point. Received power was re-

‘-aversing mechanism. A monitor dipole was placed at a transmission Iength

corded as a function of the horizontal traverse of the container in the quiet
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zone. The dipole was then moved toward the container in 3-inch increments

and the measurement repeated, This procedure was repeated for several dif-

ferent elevations of the monitor dipole and several different frequencies.

The test sample container was moved behind the dipole monitor,
the monitor being moved in front of the container, because,
case, the traversing mechanism would '"'shadow" the container.
sults of the container evaluation are shown in figure 24,

To mount the container at the proper elevation level,

rather than

in the latter

Typical re-

the travers-

ing mechanism was fitted with an absorber pedestal, upon which the container

was placed. The pedestal by itself (and the traversing mechanism) was evalu-
h

ated as described above with negligible perturbations of the R. F. field re-

sulting.

3. Test Sample

The evaluation of a single test sample in the test sample container

.was performed in a manner identical to the procedure described above. Results

of these tests show that the sample in the container does not greatly increase

the magnitude of the field perturbations over those observed for the container

alone - + 2.88 db versus + 2.63 for the two cases respectively - however, the

phase of the reflections is changed such that where a maximum was obgerved

without the test sample, a minimum might now exist. Table 1I, below, is a

surmmary of the evaluation of the test sample and the test sample container.

TABLE TI

Summary of Sample Container and Sample-in-Container Measurements

Test Condition
A. Sample Container Alone

Field Variation

(Worst Case¥)

Absorber Lined Container (3/8' plexiglass back) + 3.63 db
" " " (no back) + 4.88 db
" " " (1/16" plexiglass back) + 2.63 db
B. OSample in Sample Container
Absorber Lined Container (1/16" plexiglass back) + 2.88 db
C. Sample Alone** + .88 db
* Worst Case = greatest maximum to greatest minimum power variation in
. the quiet zone, for all positions of dipole monitor (see
figure 24),

** Perturbations due to Sample movement alone, container and dipole

moni tor ALARIEE

sp
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C. PCWER DENSITY

The final evaluation phase of the microwave test facilitﬁ was
the measurement of the power density in the quiet zone, utilizing the com-
plete microwave chain.

The power density was measured with the standard gain horn monitor
as outlined in Section II F, for various frequencies, and for values of trans-
mitted power between 200 and 300 watts with the appropriate horn sections.
These measured values weré compares with the power density calculated from
the measured transmitted power and the gain of the horn sections. The re-

sults are summarized in Table III.

TABLE TII
Measured versus Calculated Power Densities

Freq. Tx. Horn | Tx. Horn| Measured Calc. Power Measured A=
@ e | LSl | e gt cate.
2.6 D6 89.6 228 3.40 3.70 -0.30
2.7 D6 105.0 226 3.55 3.50 -0.35
2.7 D5 91.2 220 3.0 3.0 0.00
2.8 D5 95.6 216 3.09 3.2 -0.11
2.9 D5 102.0 210 3.20 2.9 +0.30
2.9 D4 89.0 236 3.14 2.85 +0.29
3.0 b4 93.5 234 3.27 - 143.1 +0.17
3.1 D4 100.0 232 3.47 3.35 +0,12
3.2 D3 93.5 226 3.16 3.0 +0,16
3.3 D3 160.0 232 3.47 3.45 +0.02
3.4 D2 91.2 232 3.17 3.0 +0.17
3.6 D2 102.0 236 3.61 3.6 +0.01
3.6 D1 89.0 245 3.27 3.6 -0.33
3.7 D1 95.6 260 3.71 3.6 +0.11
3.8 D1 . 100.0 278 4.16 4,15 +0.01
3.9 D1 . 105.0 250 3.93 4.0 -0.07
. 3.95 D1 110.0 250 .12 4,35 -0.23
4.0 bl 112.0 250 4,19 4.25 -0.06

NOTE: For these(mqggq;ggents R = 24.0'

This document contaios information alfecting the national delense of the United States within the meaning of the Eapionage Laws, Title.13
UB.C, Becticos 731 and 7. The tranamimioa or the ravelation of ita coutents ib wny matder to ab unauthorized permon is prohibited by law.
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D. CONCLUSION

The microwave equipment at the Walter Reed facility is capable
of producing a power density of approximately 4.0 mw/cn® in a quiet zone
adequate for two test samples side-by-side (3'W x 2'H x 1'D) over the
S-band frequency range, with a transmitted power of 250 watts - the
recommended upper limit for continuous operation of the high powered
traveling wave amplifier,

For reduced quiet zone volumes, a power dénsity of 10 mw/cm®
is possible. _

When evaluated with an absorber backed dipole, total power
variations of + 1.75 db were observed in the 3'W x 2'H x 1'D quiet zone
over the 5-Band frequency range, primarily due to reflections from the
chamber walls (+ 1.0 db). Using a standard gain horn as the field
probe reduces the observed "ripples" to less than + 0.25 db.

For a single test sample in an absorber lined test sample

.container, field variations of + 2.63 db were measured. The movement
of the sample alone produced variation of + 0,88 db in the power

measured with the dipole antenna.

@ )
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Fig.10 HIGH POWER TWT MONITOR - METER READING Vs
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Figure 17
TRANSMISSION LENGTH = 26.4° TRANBMISSTON LENGTH = 26.3' TRANGMISEION LENGTH = 27.0° CHAMBER. EVALUATION
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Transmitting Horn, Desien and Test Results

INTRODUCTION

The anechoic chamber specifications originally called for a

four foot cubic quiet zone; however, it was determined that a quiet zone

3l

wide x 2" high x 1' deep would be suitable for two test samples in con-

tainers side-by-side. With a minimum transmitted power of 200 watts, a

power density of 2 mw/c

3 + 1.0 db was required in the quiet zone. To

allow for a margin of safety, a uniform illumination (within + 1.0 db) in

a 4'W x 3'H x 2'D quiet zone was the design goal for the transmitting horp

antenna.

A conical transmitting horn antenna design was chosen because it

has an R plane to E plane beamwidth ratio close to that required (4 to 3),

without the narrower beam in the intercardinal planes associated with the

o

ramidal horn antenna.

Because gain and beamwidth vary with the wavelength, the horn

design incorporates "add-on" sections for the various incremental band-

widths. This is discussed further under beamwidth considerations. The

first section includes a built-in rectangular to circular transition ob-

viating the need for a separate waveguide transition. Figure 5 in the main

section of this report is an illustration of the transmitting horn.

BEAMWIDTH CONSIDERATIONS

The geometry for the horn illumination of the quiet zone is shown

in the following sketch.
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The chamber specifications called for a maximum of .5 db (+ .25 db)
change in amplitude due to reflections from the walls. This value, added to
the .75 db (+ .37 db) change in amplitude due to the change in transmission
length (i?loss) dictated that the change in amplitude due to the beamwidth
of the transmitting horn could not exceed .75 db in order to meet the design
goal of i'l.O db change in power density in the quiet zone volume. From the

above sketch, then, the .75 db bearwidth is 2 B,=2tan” 2 =9 2° From
25

the figure in reference 3, the ratjo of the .75 db beamwidth to the 3 db

beamwidth is .5. Thus, 3
BH(.75 db) e 5 6.3 an GH\.YS db_:-.= 9.2 _ 18 40
GH( 3 db) ) H ’ .5 .5 -

The S-Band frequency range from 2 to 4 GHz was divided into eight
";;crements, each representing approximately 10% of the band, in order to keep
. the beamwidth (and gain) nearly constant. To compensate for this ten percent
bandwidth, the design beamwidth was increased by ten percent, resulting in a
desired H plane 3 db beamwidth of 20°.

The horn aperture diameter in wavelengths (D/)A) was determined from

the approximate expression from the H plane beamwidth (4).
~ 70
BH(B db)= D/

For GH(B db)= 200, D/ = 3.5. Starting at 2.0 GHz, the approxi-
mate 107 incremental frequencies, wavelengths, and the diameter of the horn
section computed from D/\ = 3.5 are shown in Table Al. Also shown in this
table are the lengths of the various sections computed from the geometry in

the following sketch,

’__ﬂ_,,.——*’d'\ ’b/xb; = phase error

L*é =) in wavelengths
/ \\D D,? 1
\ 7 L w GE) X 35

=g Oy Dn

]
S | P e U R NTEY g S
7
:.—’;;_—_"I_'L" 7 L= 8
: L=5¢.75" >

(3)  The Microwave Engineers Handbook and Buyers Guide 1966, Page 174

(4} Antennas J. D. Kraus MiGraw Hill 1950, Page 381
, g, -~

This domirment mntaine nformatnn s Mact e the nebianal dafomer o al_ rr WSSEgNL e R o
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Thus L 8i determined the lengths of the various sections

as tabulated.

TABLE A1
Horn Dimensions

Freq: ‘ A(in.) Diage:e;.§in.) Desizizizzn Ln (in.)
2.00 5.8 \ 20.00 D3 21.5
2.20 5.35 18.75 D7 17.5
2.45 4,80 16.75 ‘D6 14.0
2.70 4.35 15.25 D5 10.5 ’
2.95 4.00 14.0 D4 7.50
3.20 3.70 13.0 D3 : 5.25
3.55 3.35 11.75 D2 2.25
3.90 3.05 10.75 D1 0

2.6 to 3.95 GHz, therefore horn sections larger than D6 may not be required.

The recommended frequency range for S-Band WR 284 waveguide is

However, should higher power densities be needed (over smaller areas) horn

sections D7 and D8, and two additional sections, D9 and D10 were constructed.
&

The diameters for D9 and D10 are 22.5 "and 24.5", and the lengths are 26.75

1
and 31.75 respectively, based on the same criteria as the other sections.

GAIN REQUIREMENTS

The above analysis assumes an aperture with sufficient
gain to provide a power density of 2 mw/cn? for a minimum of 200 watts

of transmitted power. Reference 5 gives the gain of a conical horn as
4T A
G (db) = 10 log (5%) - L where L is the loss term (in the reference figure)

versus the phase deviation at the aperture edge. For the selected phase

deviation of A/f4, L = 1.5 db; and for D/) = 3.5

2
. G = ("TD) - 1.5 db = 20.85 - 1.5 £ 19.4 db
(

)Antenna Engineers Handbook H. Jasik, Ed. McGraw Hill (1961) Chap 10-4

It
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The power density is

P P_G
r T T
Pd = — = where P = 200 watts {(min
AL LTIRE T (min)
GT = 19.4 db = 87
R = 24 ft

"Pd 2.6 mw/cu?, which is adequate.

L}

MEASURED VERSUS CALCULATEb VALUES

The calculated gain (@bove) was 19.4 db at the design frequencies,
which included a 1.5 db loss due to efficiency and phase error. The meas-
ured gains at the design frequencies are tabulated below along with the dif-

ference between the measured and calculated gain (bG).

TABLE A2

Measured versus Calculated Gain

Horn Design Measured Calculated
Section Frequency Gain Gain aG

D1 D 3.9 20.3 19.4 +0.9
D2 3.55 20.0 19.4 +0.6
D3 3.20 19.7 19.4 +0.3
D4 2.95 19.7 19.4 +0.3
D5 2.7 19.6 1 19.4 +0.2
D6 2.45 19.4(est) 19.4 +0.,0

From this table, it can be seen that the measured gain is very
slightly higher than calculated. This is due in part to the beamwidth being
slightly narrower than the design value; and in part to the phase deviation
at the aperture edge being less than A/4, and consequently, the loss due to
phase error and efficiency being slightly less than the 1.5 db allotted.

Table A3 below compares the measured and calculated 3 db beam-
widths, which again are in good agreement. These values indicate that the
expression for the H plane 3 db beamwidth is more nearly BH(.'.} db):%?l and
for the E plane BE‘; 55/D).
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TABLE A3 R

Measured versus Calculated £ & H Plane Beamwidths

Measured Calculat?g Measured Calculatzg
HOfn Frequency | H Plane 3dbB.W QH(3db)=b7x E Plane 3dbB.W BE(Bdb)=ﬁ7x
Section {GHz) (Degrees) (Degrees)
D1 3.9 18.9 20° 15.8 17°
D2 3.55 19.3 20° 15.7 17°
D3 3.2 9.7 20° 15.7 17°
D4 2.95 19.6 20° 15.5 17°
D5 2.7 19.5 20° 15.5 17°
D6 2.45 19.5 20° 15.5 17°
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APPENDIX B

Sleeve Dipole Antenna .

A dipole was chosen as the field probe antenna for the chamber
evaluation in order to observe virtually all of the reflections from the
walls (and tﬂe ceiling and floor), which contribute to the perturbation of
the field in the chamber. The sleeve (or skirt) dipole design was selected
because of its natural configuration for an upright power monitor of a ver-
tically polarized field, aﬁd because »f its ease in construction utilizing
the APL 5-spline semirigid coaxial cable which was available; the dipole
probe tip simply screws into the cables hollow center conductor. The di-
pole is illustrated in figure Bl. This figure gives the pertinent design-I
dimensions which were arrived at empirically using the basic tenets set
forth by Silver(6).

Figure 13, in the main section of this report, illustrated the

fixed monitor version of the sleeve dipole used as a power monitor in the

.hamber .
Figure B2 illustrates the "gooseneck" version used to evaluate
the chamber.
The VSWR of both versions is shown in figure B3. These values
include the mismatch from the Type N to 5-spline cable transition. A sur-
prising feature of these dipoles is that the VSWR was less than 2:1 from

2 & GHz to 11.4 GHz (the limits of the then available equipment).

.(B)Microwave Antenna Theory and Design 5. Siiver, Ed.

MIT Rad Lab Geries, VoL 12 McGraw Hill (1949) Chap 8.2
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MEMORANDUM TO: Mr. R, S, Cesaro, ARPA 14 “UNCLADSIFIEu g - UCT1979
FROM : flerbert Pollack Per /),y@é(_c\/ I)ﬂ*f‘f%, /7/( .
SUBJECT: Report of Visit to U,S.S. Saratoga, December 31 1968 [/

1. The visit to the ARircraft Carrier Saratoga was accomplished

on December 31, 1968. The personnel were most cordial and cooperative,

2. The Chief Medical Officer is an alert, well informed, and
effective physician. We discussed the possibility of a retrospective
study of the healith records of deck personnel as compared to other
groups of sailors,

3. The engine room crew, because of constant exposure to high
temperatures, have a specialized series of complaints that make it
difficult to evaluate their health against deck crews. Sailors in

the supply division would serve as better controls,

4. The medical records while adequate for the routine health
supervision may not be complete enough for our purposes. Commander
Pratt, the C.M.C. of the Saratoga,has offered to try to get a
comparison of sick call rates between deck crews and other divisions

and to list the frequency of various complaints or presenting symptoms,

5. The Operations Officer in charge of radar pointed out that the
"lookouts" are in the direct line of sight of the search radars for

four hours at a time. These men are selected from the gunnery crews,

6. The executive officer speaking for the Captain expressed their
interest in the problems and will extend all help if the CHO or
CINCATLAN approves a request to have two observers aboard the
Saratoga to get base line readings on selected members of the crew.
The carrier is scheduled for a training cruise in the Carribean for
February and it was suggested that the last part of that month would

be most convenient for them.
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/. Tt is suggested that a protocol be developed for the purpose of
making measurements of "vigilance" reactions on selected members of
the crew. These measurements will be repeated on the same people
after several months of operational activities. It should be pointed
out that the Sargtoga has just undergone extensive rehabilitation and
has been tied to the docks for one year. Hence none of the ship's
complement have had any exposure to micro-waves during this time.

The subjects selected for the study should be divided into two
groups: a., veteran members of the crew whose duties allowed them

to be radiated by the micro-waves and b, new recruits with no history
of previous exposure to micro-waves. A log will be kept of the duty
stations and hours of the selected subjects.
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SARATOGA EKPORT

Presents the rationale, results and recommendations of the Saratoga
Study.

APFENDIX A

Issues in this report proepared by Dr. Kubis were presented verbally in
a meeting (2-18-69) at Walter Reed Hospital called by Mr. Cesaro.

APPENDIX B

The reduced data and analytic summaries were prepared by Captain James
P. Flanders with the assistance of Ensign Loren Appelbaum and Captain J. Ronald
Gentile, Methods of scoring, reducing, and amalyzing the data were established
in meetings (2-20 and 2-24-69) held by Dr, Kubis at Walter Reed Hospital (Forest
Glen). The analytic summaries and other data necessary for completing the Saratoga
report were received by Ir. Kubis on March 18, April 2, and April 15, 1969.
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1. To determine if Seamsn, grouped according to amount of exposure
experienced during work schedules, would differ in performance on a
broad battery of cognitive, Sensory-perceptual, and psychomotor tests.

2. To provide baseline performance data for seamen under dockside and at-sea
conditions.

3. To establish the reliability of the measures used under the ordinary

working conditions of a seaman,

RATIONALE

. It was anticipated that sailors warking on the Flight Deck would receive mare
exposure than sailors working below dsck (specifically, the Hangar Deck). Though
differing in exposure, these two groups are relatively equivalent in terms of work
loads and work schedules, and could be made equivalent on a mmber of background

variables such as age, education, and general ability.

Loockouts at the 09 Deck Level were considered to be highly exposed. On the
basis of conversations with the personnel in the GCS and OI groups, both involved
in lookout operations, the former (CS) was Judged to be more exposed than the
latter (0I). Sailors from the Lith Division were selected as a control far both
the CS and OI greups., These sailors had no exposure of’the sort experienced at the
09 Deck lavel, but their work duties were similar te those of the CS and OI groups,

Three sets of analyses were suggested: (1) to evaluate the differences in
. test performance betwesn the Flight Deck (exposed) and the Hangar Deck (non-“ .
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’e'x;;osed) crew; (2) tp evaluate the Iéi_fi‘erehces‘al:-e;;rx:g:.thc-a Cs, OIl,. and hth
Division groups, which represent a gradient of exposures from maximal to minimal;
(3) to evaluate the test performance of the CS, OI, and Lth Division groups
immediately after a work assignment. Since each of these groups were to be tested
during a non-work (i.e. non-exposed) period, the retesting ismediately following
a work assigmment (dwring which the CS and OI groups are subject to exposurs)

would test for immediate exposure effects.

FUNCTIONS MEASURED -~ TRSTS USED
A broad spectrum of lman functions was selected on the basis of potential
sensitivity to the exposure conditions anticipated aboard the Saratoga. These

are categorized below,

A. szchomotor

l. Choice Reaction Time
(Lafayette device)

2. Rotary Pursuit
(Lafayette photoelectric apparatus)

B. Sensory-Perceptual

1. Visual Acuity (Far and Near)
(Vision Tester - Titmus)

2. Vertical and Lateral Imbalancs
(Vision Tester - Titmus)

3. Stereo-Depth
(Vision Tester - Titmma)

h. Color Wealness
(Vision Tester - Titmus)

S. Flicker Fusion
(Lafayette apparatus)

C. Cognitive PR

' . . oo
LYY LIRS S 3
. W Wt t‘\ . , "l..,
1. VUord Fluency a} S s J
o (Word Endings Test)
ﬁ\ il . .
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(Addition Test)

3. Memory
(Auditory Number Span Test)

L. Speed of Closure
(Concealed Words Test)

5. Perceptual Speed
{Number Comparison Test)
(Identical Picture Test)
In addition, a hand dynamometer was used to test hand grip. This test pro-
vided superficial face validity to a procedure which, in its directions,

emphasized "fatigue" as an important factor under study (cf. Appendix A).

SUBJBCTS

Subjects were sclected fcr membership in each of the experimental and
control groups on the basis of educational level, prior test performance, and
time remaining in service.

The minimups educational requirement wazs completion of the 12th grade. In a
few instances a 12th grade equivalency diploma was substituted for the high achool
graduate requirement.

Prior testing on the GCT and ARI provided an added check on the educational
eriterion. A combined score of 95 on these two tests was the cut-off score, with
neither the GCT nor ARI below 45. The educational requirement and the test criterior
filtered out those subjects who would have difficulty in reading or understanding
the directions in the experimental test battery.

Finally, no seaman was selected who was due to leave the service in less than
12 months. This criterion made it possible to retest subjects after an extended
tour of duty and, therefore, after extended axpoam':..
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The conditions under which the tests were administered are described in

Appendix A,

STATISTICAL CONSIDERATIONS

The data were considered to meet the requirements of classical tests of
significance. Analyses of variance of single and multiple classification and
repeated measures designs wers utiligzed. Pearson product-moment correlation

coefficients were used to estimate test-retest reliability.

RESULTS
As indicated in the surmary table of Appendix B, the statistical analysis
presents a picture of overall insignificance. The few significant results (test-
retest situation) present no meaningful pattern.
"II' In particular

1. There are no meaningfully significant differences between the test
performances of the Flight Deck and the Hangar Deck crews. The one
significant difference is in the Reaction Time score which lacks
adequate reliability.

2. There are no significant differences in performance among the Lockout
groups: €S, OI, and Lth Division.

3. There are no significant differences in performance among the Lookout
groups when tested immediately after a work (exposure) session‘.

k. The reliability of most of the test :Lnstnmmts,proved to be adequate
for the conditions under which they were used. Reaction Time measures,
however, were unreliable. Memory Span appears to be an inadequate as

. well as an unreliable measure of the memory function. Word Endings,
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Far Acuity (Both eyes), and F’licker Fusion have yielded rel:.ab:.l.’ftie
lower than expected.

CONCLUSIONS

1. No exposure effect was demonstrated.

2. Reliability is adequate for most test measures.

DISCUSSION

In view of the short period of exposure during the sea trials of the Saratoga,
the Flight Deck, the C3, and the 0I groups wers not expected to differ signi-
ficantly in test performance from their centrol groups. Consequently the
obtained results, which indicated.gemeral non-significance, were not surprising.

However, upon careful check, considerable doubt now exists as to whether any
exposure differences (as assumed by prior considerations) actually existed aboard
the Saratoga during the sea trials. In view of the strong probability for this
position, the obtained negative results tend to generate confidence in the adequacy
of the test procedurss and the care with which the criteria of selection were
applied.

The adequate reliability of most test measures obtained during the ordinary
work day of the seaman and under actual operating conditions (eg. ambient noise,
vibration, and motion aboard a ship in restless seas) gives further confidence

in the use of such test procedures aboard vessels during routine sea operations.

RECOMMENDATICNS
1. Reaction Time, Memory Span, Far Acuity, Word Endings, and Flicker Fusion
should be reexamined and appropriately modified to meet higher reliability
standards. : |
2. An ongoing search program should be tmdm't:aken to identify behavioral
functions potentially susceptible to the exposures alluded to in this study.
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3. Exposure situations or sites of the alluded te in this study should

be sxsmined to see if

a.

b.

C.

d.

they produce exposure of sufficient intensity

the exposure intensities can be monitored so as to provide a
record of any changes in rate of exposure

a sufficient number of subjects are subjected to the exposure
intensity

a measure of subject-exposure-time can be developed.

h. In view of the difficulties experienced in this study relative to the

use of external electric power (ef. Appendix A), instruments for the

evaluation of psychomotor functions should be supplied with independent

power sources where feasible.
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1. PREPARATORY STAGE

A. Selection of Abilities to be Tested

Aiming Speed of Closure
Depth-FPerception Static Strength
Memory Span Visual Acuity
Perceptual Speed Word Fluency

Response Qrientation
B. Contracted Services with BioTechnology Inc.
1. 'To obtain tests
2. To duplicate test materials
3. To prepare direction and recording forms
. To train a field team in the use of tne test battery
C. ‘'Trairing Program

1. At BioTechnology Inc.
2. 1-23-69 through 1-24-69

D. Personnel

1. Preparatory Stage

Dr. Jogseph V. Brady
Ir. Thomas W. Frazier

2. ‘lraining Stage
ENS. loren Appelbaum
CPT. James P. Flanders
CPT. J. Ronald Gentile

E. Directions and Questionnaire

Confer Appendix

il. TeSTiMG STAGs

Dr. Joseph F. Kubis
Or, Herbert Pollack

Dr, Joseph F, Kubis
CDR. Thomas J. Sullivan

4. o Board - Dockside ( 1-27-69 through 1-30269)

1. Facilities ..

a. Initially, Ward 2 and the Quiet Room

b, Later, because of blood work and TB exsminations,
testing was conducted in the Isolation Ward and the
Quiet Room

»UNCLASSIFIER®
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To CIR H. Pratt for outstanding cooperation and help in
providing testing and living space; and for laying the
groundwork for the genuine acceptance of the project.

To CDR T. Sullivan for outstanding cooperation in keeping the
testing rrogram moving smoothly and far providing Robert W.
Deimel as pgychometrist for testing at sea.

To ENS Appelbaum, R. Deimel, CPT Flanders, and CPT Gentile for
entiusiastic devotion to the demands of arguous duty.

To all officers and to the men who were tested for their
wholehearted participation in the program.
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a. ENS Appelbaum, CPT Flanders, and CPT Gentile -- testing
b. CDR Sullivan =-- liaison and scheduling
¢. Dr. Kubis -- liaison, personnel records analysis,
coordination
3. Work Completed
67 individuals were tested
B. On Board - At Sea (1-31-69 to 2-10-69)
1. PFacilities
a. Initially, the Isolation Ward and the Quiet Room
b. Later, because an active case of TB had to be isolated,
testing was limited to the Quiet Room
2. Personnel and Duties
a. ENS Appelbaum and R. Deimel -- testing
b. Dr. Kubis -- liaison, scheduling, and coordination
c. (Mote: R. Deimel was trained in test procedure
by ENS Appelbaum.)
3. Work Completed®
a. 92 nersons were tested
b. L7 of these were retests
i. to obtain a reliability estimate
ii.to evaluate the effects of watch or lookout duty
#* To be rechecked during reduction and analysis of data
C. Acknowledgnents



VLTI Lak Taeli ame 3ot ETAA ARV o

- A3
H‘}”T?’ TN N e e »
r! AL R LA AL -3 + XY 'UNQL33§SIEIED L on ot it e s - R - - ..
ERES G T A v B S A RN R T SR At R
.- D. Problems e Ui LD L Lo RERT IS
1. Noise level -- since continuous, probably not a critical
factor

2. Occasional announcements over public-address system
3. General quarters

L. Occasional intrusion into testing room

5. Variable line power

6. PBreakdown in the controls on the timer for the rotary
pursuit and reaction time apparatus

E. Resolution of Problems

1. Data influenced by extraneocus and undesired intrusions
will be analyzed separately.

2. The apparatus for the rotary pursuit and reaction tine tests
was to be returmed to RioTechnology for repair. These units
were removed from the Saratoga, January 30, 1969, by CPT
Flanders and CPT Gentile.

. F. Disposition of Apparatus and Test Material

All remaining apparatus and test materials were to be removed
from the Saratopa, Monday Feb. 10, 1969, by ENS Appelbaum and
R. Deimel, to be returned to Ir. T. Frazier., Apparatus
should be rechecked by BioTechnology.

ITI. RECOMIENDATIONS

A. All apparatus to be rechecked and recalibrated, if necessary,
before any additional testing is to be done. This task should
be referred to BioTechnology.

B. Scoring of tests. Since "local" problems can be best interoreted
by the men who did the testing and since there are not too marny
tests involved, it might be most economical to have ENS Aprelbaum,
R. Deimel, CPT Flanders, and CPT Gentile do the scoring or to
closely supervise it. Recording format should be compatible with
card punching requirements.

C. Reduction and Analysis of Results. Some preliminary analysis
should be completed before further retesting is undertaken.
The first phase of the retesting should be scheduled sometime
. *  within the period of April 15 to April 30, 1969 during which

the Saratoge will presumably be in Mayport. It is recommended
that the personnel involved in the Dockside testing in Philadel-
phia conduct the testing at Mayport.

D. Blood on a limited sample should again be taken at Mayport
during the April 15-30 period. - aUNCLASSIFIED"
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M. Grove sho‘uld cont:.nue hls" work by recheckmg h:l.s readings
at Mgyport. Other aspects related to these readings, should
be discussed by the present group.

The problem of variable power on the Saratoga in reclation to

the rotary pursuit and reaction time tests should be discussed
with BioTechnology Inc.

J.F.K. - (2-1869)
Walter Reed Hospital
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GENERAL INSTRUCTIONS
When men are tired, sleepy, or work under heavy stress loads,
their performance usually suffers and they tend to make more errors.

We want to measure how human efficiency is affected by long

working hours, hard work, and different work-rest schedules.

We will do this by giving you a number of tasks and activities

that will involve sensory, perceptual, and motor functions.
Accuracy and time will be measured.

. Make sure you understand the instructions before you begin.

Instructions for each task will be given by the examiners.

The results of these tests will have no bearing on your naval

career and will not become a part of your service record.

thank you for your cooperation.
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FATIGUE-SLEEP - : m—

1. How tired do you feel?

Very Moderately Slightly Not at all

e ——

2. How sleepy do you feel?

Very Moderately Slightly Not at all

———————

3. How long did you sleep? hours
i, When did you awake? AM (PM)

5. What activity were you engaged in just before coming here for testing?

6. How long were you involved in this activity? hours

7. Have you ever worked around X-ray machines?

8. Have you had any X-ray examinations in the last year?

If 80, was it Stomach
Chest
Head
Arm or leg

9. Are you taking any drugs regularly?
Which?

10, Are you taking aspirin?

How much? How often?
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' T Data Collection Form
Name Date
Service No. Time
Rate Examiner
Division
Critical I"licker Frequency (in flashes per second)

6D TA 8D 9A 10D

Choice Reaction Time (practice 3 each color) (in milliseconds)

iR 28 3B 4G

o}
—
-t

(n® 713 8G IR

totary Pursuit Test (30-second trials) (time on target in seconds)

1, 2, 3. - 4. 5.

Grip Strength (kilograms)

R L R L R L

Comments:
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¢ifficulty, WALS digit gpon cubtoslh of thle kind i reliobie,
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Gpn:ratt bo dnltiated un
chechoed bafoie testing oo

‘hrousiout tncting aleo n
g-¢ linz monitor,

C. Vislon tegts

1, CUTF ond vision test rolisbilitics ere ¢uite low by yhysinlogic
teet ctandarda, Nocormyoud eliminnting tu::s viera »ellobiliel
covmot be raiced to,80 by checking line voltoze and gtonlnge
dizing vasrine of glascas for the .testa,

2, Flandars reearuends elin inating vicien tects Te 3,
and 11, vhich ¢o nut ciol b yield Giffsrout (evrli
informntion fn addition to teots 4, 4, 7, 9, 23 12
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11 Jina voltens Ffleotunticrs hava loon
1 found to mIll vith cioowoval,  Guocling
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3. Reconmond c’i“‘uﬂLing ron=yre ferrbd cuip toect, K
lcvax than p’CFQTJ ) L";n tept ond thoere oo
non-preforred fulicates in addition to p-v”,a_,b.
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1. Tdentfcal pletvves. Scores were eovrected for cinnadng untan
Hunoally formula (Buanmaelly, J.C. Zents ond lio asuvereonta, ey York;
HeGrer-nill, 1959, p. 59).

Twiber correeted = Nusber corroct - p_(nusher tyfled) WUNCLASSIFIED

q
Where p » 1/aurber alternativos = 2

and g =1 +-p = .8

2, Huubor comparison. Murber conrect - (uurber tricd - purher correct)
Ruzmber correet - (auber incoryect) = score.

3. Duwber span. lNumbor correct.

4., Vord endinng. Humbor corroct.

5. Concenled worda. Humber correct.

6., Jiddition. Mesher corroct.

7. Sus C¥F ascending. Lliminated trials 1 a2, Dlintnsted scores

over SY. FElliminated aberrzat score for subjects with rense of

asconding sooves ovaer 9. Then Gun CFF agscoenaddog s INARREC

8. Sum CI1 cesecending = LLSIG5410, after clitdnatious a3 zhowve.

9-14. Vision test scores rLLorLLd straisht from sheets, {.e. differenco

ccores not teken for tests 0,7, and 12,

15. %uw'grip prefored Ellrduated lovaest score for cach hond,

Ldenttficd preferred 11.n\d v hand wieh preater of Cro yorsinloe s seo)e

16, Sun grip nos-profersod,

17-19y 21 are not vardiables but reliabilities.

17. Correlatlon of wdn red with men bluc.

13, Covvelation of iwdn red with wdn groen.

19. Correlation of wdn proen with wdn bhlua,

20. ledian of medlons for reactlon tine

21. Correlation of trials (2+4) with LTidl" {3+5),

22. Purault rotor sum trlals (24+4+3+5).
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APPENDIX C Page Cl

Field Traversing Mechanism N

The field traversing mechanism used to evaluate the anechoic
chamber is shown in figure Cl. It is capable of moving the probe antenna
(either the dipole or the standard gain born} in azimuth and in elevation
a distance of + 2.5' from the center at variable speeds. The entire
mechanism was moved manually along the transmission length of the chamber
during the evaluation.

Incorporated in the mechanism are voltage readouts proportional
to the distance (in both azimuth and elevation) which are used to drive_an
X-Y recorder. Also included are syncro position indicators on the remoée
control panel. Limit switches at the azimuth and elevation extremes set
the motor brake until the movement direction is reversed. Figure C3 is a
wiring diagram of the mechanism and its control panel.

The "mast" is readily removable for ease in transportation and

.storage. For the "sample coatainer" measurements, the mast and its "'super
structure"”, and the entire elevation drive mechanismwere removed, and an
absorber pedestal was placed on the movable azimuth base. . The sample con-
tainer was placed on this abscrber pedestal and moved +2.0 feet in azimuth
behind the fixed dipole monitor. During all measurements, the exposed super-
structure is absorber lined.

Figure C2 is the wiring diagram for the Field Traversing Mechanism.
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MEMORANDUM FOR DIRECTOR, DEFENSE RESEARCH & ENGINEERING

SUBJECT: Project BIZARRE

References: 1. Memorandum to Director, ARPA, from Deputy Director,
Advanced Sensors, dated 15 December 1966, subject:
Project PANDORA - Initial Test Results. (Top Secret)

2. Memorandum for Record, signed by Deputy Director,
Advanced Sensors, dated 20 December 1967, subject:
Project PANDORA - Initial Test Results. (Top Secret)

3. Memorandum for Director, R&E, from Deputy Director,
Advanced Sensors, dated 28 June 1967, concerning
. Projects PANDORA and BIZARRE, (Top Secret)

4. CIA Memorandum for Deputy Director, R&D, dated
13 September 1967, subject: Summary of TUMS Power
Density Measurements - 13 September 1967. (Secret)

5. Memorandum from AF Avionics Laboratory to Mr. Cesaro,
dated 15 August 1967, subject: Power Level Measurements -
TUMS Radiation. ({Secret)

SUMMARY

1. The central nervous system of primates has been penetrated
directly or indirectly by non-thermal modulated microwave radiation at
power density levels from 4.0 milliwatts per square centimeter down to
1.0 mw/cm” (these levels are below present U. S, safety standards).

2. At similar radiation power densities and non-modulated low
microwave radiation the primates performed normally.

ARPA-AS-TS5-67-20
Copy #1




2
3. The recent low level BIZARRE tests at . 008, .05, .0l mw/cm
power densities under modulated microwave radiation did not cause the
primate to degrade in conducting his work tasks.

4. The latest data collected on the Moscow data indicates energy
densities no greater than . 05 mw/cm” in the Moscow Signal

DISCUSSION

This memorandum is a progress report on Project BIZARRE. References
1, 2, and 3 report in detail on the ARPA experimental results of primate
tests in Project BIZARRE and related research and development. The
tests so far have established that the central nervous system of primates
was disrupted directly or indirectly after exposure to low level {non-
thermal) 4-5 mw/cm® modulated ""S' band microwave radiation for periods
between 10 and 19 days. When the primate tests were conducted at the
same low level (4-5 mw/cm®) radiation, without modulation, the central
nervous system was not disrupted for test periods up to 30 days as
reflected by overt performance measurements (references 1 and 2). The
electromagnetic frequency and modulation used for these preliminary
tests simulated a portion of the '"Moscow Signal.'" The intent of the
""Moscow Signal' has not been established by the experiments conducted

to date.

New measurements with ARPA instrumentation of the '"Moscow Signal' on
site has now been completed. These data of the '"Moscow Signal' cover

a recorded bandwidth of 50 mc as opposed to the original bandwidth data
recordings of 3 mc. Also, a partial mapping of the power density has
been completed (references 4 and 5). A thorough analysis of this new
signal data should now be undertaken to define the "Moscow Signal"

characteristics. No further "on-site' electromagnetic measurements atem T Are

#r€ required.

The latest data on power levels recorded in the Moscow Embassy were
always below 50 microwatts /cm?2 {.05 mw/cmz). The recent BIZARRE
tests have completed one experiment on primate behavior at power levels
of .008, .05, .01, and 4.6 mw/cm2. These data showed no overt
primate performance degradation at levels below 1.0 mw/cm®, It must
be emphasized that these initial investigations were only concerned with




the overt primate performance measurement. Information on other
biological indicators such as EEG, EKG, genitic effects, anatomical
abnormalities, neuro chemistries, or sophisticated blood chemistries
(endocrine, steroid levels, chromasomal abberations, etc. )} will be
obtained in the next program phase of BIZARRE.

The Soviets have reported in the open literature that humans subjected
to low level (non-thermal) modulated microwave radiation, show adverse
clinical and physiological effects. The experiments with modulated
microwaves on primates conducted by ARPA show repeatable histories
of measured degradation of primate performance under laboratory
conditions. In the United States there have been no experiments with
microwaves which directly relate primate performance with human
behavior. In certain other types of experimental medicine (e.g., blood
chemistry, drug screening, etc.) effects which show up on Rhesus
monkeys bear a strong relationship to effects observed in humans. The
ARPA BIZARRE program will establish methods which should permit

us to relate the behavior of sub-human primates to man under conditions
of microwave exposure. This may require direct testing with humans
under controlled conditions.

Serious impact of this research centers around the following general
considerations:

1. Hazards to humans from low level microwave radiation may
exist below the present U. S. safety limits, These hazards must be
carefully explored and established. Latent, long term effects on biological
systems must be investigated,

2. The ARPA test results have demonstrated the feasibility of
causing adverse biological effects on the central nervous system of
primates. The potential of exerting a degree of control on human
behavior by low level selectively modulated microwave radiation should
be investigated for potential weapon applications.

Significant results obtained from the BIZ _RR
be periodically reported as soon as hese areja

erimental effort will
able.

Actmg D1rector
Advanced Sensors
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MINUTES OF PANDORA MEETING OF JANUARY 17, 1969

Meeting Convened: 0945 R SR '#f?

IDA Rm. No.: 10KS o ' - L

Present a.m. and p.m.:

Science Advisory'Committee Walter Reed Army Institute of Research
General Frederlc J. Hughes, Jr Colonel Joseph V. Brady .
Dr. Joseph F. Kubis : Dr. Thomas W. Frazier , L oo

Dr. Lysle H. Peterson, Chalrman - Major Jbseph C. Sharp

Dr. Herbert Pollack

t1,3;‘ Colonel Brady: Dr. Frazier, and Dr. Sharp commented regardlng

"T‘Summary of Dlscussions:

fﬁctmonltorlng

Dr. Jbseph E Barmack absent due to illness Y
Mr. H. Mark Grove, Wright-Patterson AFB
. Commander Hugh S. Pratt, MC, USN
' (C.M.D, uss SaratOga)
. Rear Admlral Frank Vorls MC, USN

Present p.m. only 7 o f- i} {'f;;

Dr Joseph M. Aein, IDA

Mr. Richard S. Cesaro, OSD/ARPA/AS : - . R
Dr. James T. McIlwain, MC, USA, WRAIR ' O
Mr. A. Rubenstein, OSD/ARPA/AS e

:l.. Dr. Pollack reviewed con31derat10ns relative to the USN-ARPA

study to be carried out aboard the USS Saratoga currently in
Philadelphia Naval Yard in preparatlon to 301n fleet opera-
- tions, : ..

2. Rear Admiral Voris and Commander Pratt commented on operatlonal o

T con51derat10ns of the study from money point of view.

s Walter Reed army con31derat10ns

4. Mr, Grove commanted regarding phy51cal measurements and en-'
. “gineering con31derat10ns of shipboard radar measurements and

- Dr. Pollack reviewed need for definitive data on effects of o

’radiation on physiological and psychological (particularly

" behavioral) functions in man. Primary areas to be looked at
appeared to be (a) physiological, (i) formed blood elements, i.e.,
- genetic alterations, (ii) cardiovascular and (iii) neurological
'and (b) psychological regarding task performance and group be-

. havior. Regarding general plan involved selecting a population

- of ship's crew subjected to shlpnoard radiation (radar) and to




_«Te them with a group below decks and not exposed to radia- . *
n. It appeared that plane handling crews on the hanger :

aecks and flight decks involved similar encugh tasks and living

conditions that comparisons could be made so as to reveal any

major or gross difterences. Dr. Kubis and his team with the

support of Commander Pratt and his staff aboard ship would re-

view the personnel records of the two crew populations and select

from them appropriate groups. They would receive physical and

psychological tests during the approximately two weeks that the

ship was scheduled to be docked in Philadelphia. Repeat tests

would be made at intervals while the ship was underway and at

certain scheduled ports-of-call during the following six weeks,

a specific protocol was to be developed.

Discussion centered on selection criteria and upon what tests
-_would be given to the selected groups : :

Phy51cal examlnatlon (including a general phy51cal exam)

L

41, - Blood specs for leucocyte genetic evolution S
2. Blood pressure and pulse rate (on arising and after work
cycle)

3. Discussion related to sending selected representation
to the Philadelphia Naval Hospital for EEG evaluations.
Also, a "microneurological exam" was descrlbed which
' mlght be 1ncluded A s F

associates, Dr, Kubis indicated procedures would relate to cog-
nitive, psychomotor, physical efficiency and sensory perceptlon
testlng

‘ l Psychologlcal examination was designed by Dr. Kubis and

" Three phases to protocol: | o -

I. Dockside - two weeks
. II. Toward end of ten day shakedown
‘- ITI. Three to six months later

RER

i‘Meetlng adjourned at 4: 30 p.m. on January 17 1969

- Mlnutes respectfully submltted by Lysle Peterson, Chalrman_‘

. ﬁDate Typed - May 15, 1969
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17. The need for information on humans in addition
fgté"'«ﬁ" i“e!q to the accelerated animal studies at Walter Reed
was emphasized. Therefore, it was urged that the
Walter Reed facility develop a human program and
| start immediately to develop Phase 1, i.e., to
develop a-plan and protocols.

a) Suggested putting the hunan a5pect into the
Pandora program rather than in the Walter
Reed stress program

b) Estnnated that human subjects would be re-
quired for six to eight months and that they
could be obtained from Ft. Dietrich.

c) Controls should also include as many variables
as possible including IQ, memory and performance
testing. Control period should be less than
sixty days. One or more should go through the

N : entire procedure without exposure, and one or
o more with alternating exposure plan. Study
. SR c should be double-blind with protection of -
eyes and gonads. Shielding of testicles is
recommended ‘ S

d) Panel would like to review protocol before
' enactment. RIS

18. Land-based radar statlon human study program should

be developed to replace or supplement any on-
board studies at sea. , ‘

Respectfully submitted by Lysle Peterson, Chairman

Date Typed - May 16, 1969
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5, SWMARY OF PANDORA MEETING

3)A e April 21, 1969

I. ‘Detailed mlnutes attached Same classification and instruc-
tlons ; U

II;_ Meet1ng organlzed 1n three parts _ ,: S i'A','ﬂ‘;f

1TE11.’ Review of'Blg Boy"

A.“ Puggose. : Eluc1date effects on man of microwave
" 2 radiation (radar) by comparing ship's crew groups
= - ~apparently exposed to radiation to groups protected
.=+~ . from radiation (below deck and remote stations).-
o . - Studies on USS Saratoga in two stages (i) dock side
LR . 'in preparation for shakedown and (11) shakedown,
..n - S il.e., underway and operatlonal _ o

B.- Plndlngs " No 51gn1f1cant dlfferences in pSyChOlOglcal
tests performed on the apparently exposed and control
groups.  Also, no apparently significant differences
‘on genetic (leucocyte) and physical findings. Thus,

- studies generally proved negatlve Detailed report .
: due from Dr. Kubls s : W e lEo

C.~ Radlatlon F1nd1ngs: Detailed survey of on-board T
. radiation levels revealed that levels were consider- : oo
- ably lower than anticipated, i,e., ip most cases
- levels varied from 0,3 to 0.03 mw/em“ and in no case
. greater than 1 mw/cm2 Radars were operating 80 to

90 percent capacity. Ao e T e

D.-iswmnany and Conclu31ons To Date: Saratoga study
. verified testing procedures and provided useful in-
-formation for developing human radar-field testing.
- . However, studies were negatlve 51nce _exposures were
vaery low._ o - e @‘,_%a J-E.: S e

2, General dlSCuSSlOH of ARPA contracts relatlve to blO- f’.

medlcal effects of microwave: R 'AA _;‘ S

A Dr Bra21es' studies of CNS tissue exposed to mlcro-' o

o wave radiation reviewed. Recommendations: to R :miii
“"accelerate contractor's efforts as urgent and to

- ﬁ;f '_1; extend samples. Attempt to get reports from. ..

ot
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J;,@‘”._;Jgejcontractor for inclusion in general report to
panel as soon.as possible.

B. Contract with Dr, Ross Adey reviewed, Recommenda-
tions: Although Dr. Adey's efforts bear on the
general problem of the effects of radiation and
fields on CNS functions, they are not directly
contributory to priority ARPA questions. Since he
is furnishing valuable EEG evaluation services as

~well as contributing to the general field, it was
suggested that he be encouragedto deal more directly
. with priority questions and also to continue support
for present. As Walter Reed capability developes,
~ ~ if contractors interests tend away from ARPA in-
. terests, support should be phased out. :

C. "New England Institute for Medical Research (Dr. Heller)
<. program regarded as nol contributing directly to
" ARPA high priority question although the contractor
has capabllltles in the area, =
D.J'WOrk at Mllton Zaret Ioundatlon attempting to con-
" :-firm or reproduce U, S, S, R, work Review for
1nformat10n to panel, Ty

. . E. The L:.llenfeld studlea conducted several years ago )
- were reviewed, since a new proposal was being devel-
- - oped to extend the earlier studies., It was con- "
-+ cluded that, due to the size of the Baltimore area
- mongeloid population and incidence, the scope of the
-, study could probably not be increased by more than
50 percent. It was recommended that (i) scope not
be extended beyond the Baltimore region, e.g., -
Washington area, (ii) that the program be regarded |
as a multiphase effort and that Phase 1 should be
funded. If findings of Phase 1 indicated that
. “further studies would be promising, then later phases
.. . - "‘could be considered for funding. Thus, proposal
L ~ . should include in-depth follow-up of original cases
e nlas well 45 new cases uncovered, See detailed m1nutes

.+#°- _p. Studies of Dr. Dordano (Johns Hopkins), Dr. Sol
P I~'Snyder, and Dr. Justison were reviewed for informa- :
L '_ - tlon. . ‘ . _-“‘__ :- '. R -_'-.,";

General DlSCUSSlOn o ISR ;77m-”f* S

A;TTPriorities of ARPA interests in the microwave field
 -were reviewed. High priority still assigned to
sl . r.evalvating the significance of Moscow Signal and ,
\ e ... 7..also, in the general context, the biomedical effects
o ¢ & " of microwave radiation on humans such that mean- ] , )
o flngful safety standards can be set. _ R AT TS




‘. B.. It was agreed that there is at present 1nsuff101ent

._' T ._-‘=_-ev1dence to draw conclusions. In answer to ques-
' " tions about whether or not other studies (aside

. from those supported by ARPA) are likely to or have

" shed light on the problem, it was concluded that the

only known study not included herein was that of '
Dr. Jacobson (George Washington School of Medicine)
on young women exposed to Moscow Signal. Findings

© may indicate abnormal genetic activities in some of
... the women., Significance is not established. There
.- was general dlSCUSSlOﬂ of chromosomal aberratlons ]
and 1ts causes. C e : -

- -t . an Ty [ - e -
‘,J - R L

Walter Reed fac111ty and program advancement be 4
-’_encouraged . Extend animal studies and initiate..’
"human studies. Suggestions for protocols were
~made, e.g., .study include four men inwolved for -
’six to eight months.}:Study to be in two groups . . | -1
+and double-bllnd 'T;j;ii;?“:’”ﬁffﬁ?"'““ g

5Programs to be deQeIOped to take advantage of c Ll
§land based radar 1nstallatlons S . ;1 L Tonopte

b -

;‘It .was’ recommended that the Walter Reed group prepare
.and present a detailed review of the field, i.e., their
..+ activities -with reports of their findings, protocols,

. .etc., since projects were begun. Also, a review of .
© -~ relative contract work supported by ARPA and related to -
" i Walter Reed efforts as well as any related studles of © -~ .

: ',others in field.": R NPT - e
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. DETATLED MINUTES OF PANDORA MEETING OF APRIL 21, 1969

JA

Meeting Convened: 0930

IDA Rm. No.: 10X5

Present:

Science Advisory Committee | Walterrﬁeea.irﬁy Institute of Research
"Dr, Joseph E. Barmack ' Colonel Joseph V. Brady _
*Dr. H. Allen Ecker ' : ~ Dr. Thomas W. Frazier 3

General Frederic J. Hughes, Jr . %Mr. T. Daryl Hawkins '
Dr. Joseph F. Kubis : " Colonel Merrill C. Johnson
Dr.

Lysle H. Peterson, Chairman ‘ Major James T. MecIlwain

Dr. Herbert Pollack

*Mr. John F. Collins (CNO), USN
‘Mr. H. Mark Grove, Wright-Patterson AFB
Mr. Albert Rubenstein, ARPA

. % order to ascertain effects of microwave radiation

!

**Electromagnet1c Radlatlon_

' , PR ' Mr. Harris B. Stone (CNO), USN
*Ti Attendance , : * | B

Dr. Pollack reviewed events since previous meeting. He
noted the formation and meeting of a new committee (ERMAC*¥)
from the Office of Emergency Planning and chaired by Gen-
eral James D. O'Connell to consider microwave radiation.
This panel resulted from legislation setting HEW as the - -

-responsible agent for microwave radiation health considera-

tions. He also noted that a document had appeared by

- Mr. Rexford Daniels under contract to the Office of Tele=-

communications Management. This document has been classi-
fied. He then noted that "Big Boy" shipboard exercize had _
been completed insofar as the dock-side and shakedown cruise
activities ‘aboard the Saratoga., Dr. Kubis would be sub-
m1tt1ng a report of act1v1t1es and findings to date.

-+ Dr, Kubls rev1ewed "Blg Boy™" objectlves and events to o _ o
date: o . . T _ S
" B, Objective: To study certain behavioral and physiéal

‘ functions of selected crew aboard the Saratoga in -

~on man regardlng shedding light on effects of
" Moscow Signal, i.e., nonthermal effects (1f any) -
of radlatlon of radar or1g1n

=Advisory Council
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Procedures
Three groups of Shlp S crew were selected

. a) Fllght deck crew (eight in number)
‘ nghest levels of exposure expected

b) Hangared deck crew (flfteen in number)
;*-:Low levels expected : -
: w':l H'ihook—out crews (elght in number) CNo.
"}f“exposure expected o

;,Dock-51de control tests conducted from Jan 27 T

_* through Jan, 30, 1969. Five-man team under coe e
7 Kubis with excellent cooperation of naval

-medical personnel. (Details will be included ..
.in-Dr, Xubis' report.) Batteries of tests . T - I 7
-included performance (e.g., aiming, depth, : - C e
perception, etc.) and written procedures.-V,-
5,_-:-leJ.so, baSE-llne physzcal exams were glven

. Seagglng tests were performed whlle sh1p was
7 ~under way for shakedown cruise Jan. 30 1969,
S through Feb 10 1969 -

.";S marz Slxty-seven tests were performed 1n
. " three days at dock-side, and ninety-two tests
" 'were performed at sea. Forty-seven tests:
..~ represented retesting of control material,

'.- There were a number of disturbances regardlng LT
shipboard routine, etc., e.g., high noise levels, - . T
 P-A system"interrupted activities in "quiet . - - -
-room, " general quarters, intrusions into test DR
‘areas due to routines, variable line wvoltage R
.which affected equipment.  Three dock-51de test T
.days- conducted by five-man team; ‘eight sea’ EE
- ;test-days conducted by three-man team, It was-

" regarded -by Dr, Kubis that the testing was e
satisfactory and that the interruptions were .:‘ﬁfjgﬂtiw-
“not significant. Most test procedures were . - DT
1'good (0 9), some were poor (greater than 0 1) Con T
“?Flndlngs There were no 51gn1f1cant dlfferenoes S
+>in the dock-side tests, i.e., among groups, RV
..and there were no significant differences among ' -i---:
.-groups in the under-way tests, i.e., about . . R
: 50 ‘percent showed some increases in performance
‘scores .-and about 50 percent showed some decreases.
.~ It was recommended that isolated power supply

" for instrumentation be developed 1f further work -
is to’ be done aboard Shlp. B ‘f":;,




bReay
o

Mr. Mark Grove reviewed the measurements and monitoring
of shipboard radar jevels. The ship was swept Te two primaré } e
radiation sources, i.e., SPS-30 (S-band radar) and SPS-43 .03 P
(UHF) search radar. It was expected \from a naval electronics i
lab report that there might be greater than 10 m w/cm? on at @ff;?
least 80 percent of the surface of the\deck (data from destroyers). oﬁ o
Mr. Grove and Dr. Kubis were on ship at the same time but worked M%M”‘ft
independently. WUsed RAMCORE dosimeter, HP power meter with Ly 7
themistor bridge (re S-band) from island .tQ bow, 9 decks. ﬁff;«

Findings: In no case did measured level exceed l@;/cmz_ N

with radar operations at 80 to 90 percent of u jlization rate, 0.6' :
Ranges of findings were in most cases less than .3 to 0,03

fws/cm?. It was noted that verbal reports from shigboard en- - O.05
gineers, i.e., engineering center and ship's hazards group, had 1

. indicated these findings. It was suggested that such reports p L |
had been made to the SEC.. - L ' ' Lidest '

c. Discussion:

' 1. .'f Cover s‘t{afy consideréd ‘appr'opriate and worked well A
.. (Robert Stone). R S L '

. L 2. Aircraft radar and HERO effects were discussed: \
N - pffects and indications were insignificant. :
= 3. Radiatidri from radar generators considered, i.e.,
' ' 50 to 100 KV X-ray generation from tubes. Con-.
. sidered that lead shielding was adequate. -

4. Mr. Rubenstein indicated that there were several N 00%

. excellent land-based radar sites which might be

. appropriate as study sites. ' 7' e ”"'47
ey A L Ty z s

5. .Blood studies from Saratoga Crew were discussed. %
o .. Colenel Johnson reported that twenty-one samples ? 0 0
ER - were recovered-at San Juan. Seventeen successful% ‘ ‘03
£ -~ cultures obtained with 288 spreads photographed. -
.. These were coded for double-blind studies. Code Y
U 'not yet revealed, Although two abnormalities were .
. - found, they were regarded as in normal range. ) 4L
ST . - . . . - . . PPN o T - bl } 4

6.  Several discussions of genetic aberrations of leuco- . ' ;&;
.+ cyte nuclei covered several areas: L 2’#\ :
_ : - e

"“a) Colonel Brady's three monkeys exposed R\ "

to date "na\'_\
-at Walter Reed (thirty days) to special signals. _/

L " *;~  One of these was the initial one showing
.'- C T abnormal chromosomal changes. Plan now is to - A - i
»:. . get samples during exposure and with larger ~=z§

‘,-'_a_ _"‘ “- Agroup Of an]'&lals .
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b) DP Pollack reported the studles of Dr. Jacobson
" at George Washington University who has studied
" young women returning from embassy in M